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Glycemic variability and diabetic
cardiac autonomic neuropathy

Abstract. Cardiac autonomic neuropathy (CAN) is closely associated with an approximately five-fold increase
in the risk of cardiovascular mortality in patients with diabetes mellitus (DM). Impaired autonomic function of the
cardiovascular system in DM, which leads to the development of CAN, can be accompanied by coronary artery
ischemia, heart rhythm disturbances, “silent” myocardial infarction, severe orthostatic hypotension, and sudden
cardiac death syndrome. The article provides an analysis of literature data on the impact of glycemic variability (GV)
on diabetic CAN development. This review analyzed the possible relationships between GV in people with diabetic
CAN. In particular, the issues related to glycemic control and CAN, the link between GV and CAN in diabetes were
analyzed. Unsatisfactory glycemic control and uncontrolled glycemic status are considered the main risk factors
for chronic complications of DM, in particular CAN. An increase of GV is associated with a higher risk of chronic
complications of DM, cardiovascular risk, all-cause mortality and morbidity. The clinical trial results demonstrated
that time in range might be a promising metric for assessing glycemic control and prognosis of diabetic complica-
tions. This review is based on a search in PubMed and MEDLINE, Scopus, BIOSIS, EMBASE, Google Scholar and
Springer Online Archives Collection. The following keywords were used: glycemic variability, cardiac autonomic
neuropathy and diabetes mellitus. Research findings missed by the web search have been identified through a
manual search of the bibliography of publications. CAN is one of the frequent long-term complications of DM, and
reasonable control of GV may be necessary for its prevention. Determination of GV may have advantages for
predicting future complications of DM in clinical trials and practice. The association of autonomic dysfunction and
glucose levels, insulin resistance, and HbA1c variability suggest further research to reduce chronic complications
development. Further investigation is needed to study the mechanisms of GV and evaluate them as therapeutic

targets in the treatment of patients with T2DM.

Keywords: diabetes mellitus; cardiac autonomic neuropathy; glycemic variability

Introduction

Maintenance of homeostasis, adequate responses to
stress, and features of spatial compartmentalization belong
to the biological causes or hallmarks of health. Disturbance
in at least one of these interlocked aspects is commonly
pathogenic, causing a progressive or acute derailment of the
system and the loss of numerous stigmata of health [1]. Cir-
cadian rhythm is one of the main regulators of physiological
parameters [1, 2].

Circadian hormones synthesis, autonomic nervous sys-
tem (ANS) regulation, and changes in heart rate (HR) and
blood pressure (BP) parameters lead to variations in cardio-

vascular diseases (CVD) incidence within the 24-h period
[3, 4]. Thus, investigations of the circadian rhythm, espe-
cially a link between cardiovascular rhythmicity and CVD
development are of special interest [5]. Variability, in the
broadest sense of the term, is of fundamental importance in
all major control systems in the body. It is known that insulin
action and glucose tolerance are connected with the circa-
dian rhythm of hormones synthesis [6, 7]. A certain degree
of glycemic variability (GV) is observed during physiological
glucose tolerance [8]. However, GV increases in the state of
diabetes mellitus (DM) and impaired blood glucose regula-
tion [9, 10].
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A significant consequence of DM known as cardiac auto-
nomic neuropathy (CAN) is closely linked to around five-fold
higher risk of cardiovascular mortality [11, 12]. According
to the Toronto Consensus Panel on Diabetic Neuropathy,
CAN is defined as “impaired cardiovascular autonomic func-
tion in terms of DM after excluding other causes” [13]. The
ANS damage that leads to the development of CAN may
be accompanied by coronary artery ischemia, heart rhythm
disorders, “silent” myocardial infarction, severe orthostatic
hypotension, and sudden cardiac death syndrome [14—16].

In this review, we analyzed the literature on the possible
relationships between glycemic control and CAN, the rela-
tionship between GV and CAN in DM.

Search strategy. This review is based on a search of
PubMed and MEDLINE, Scopus, BIOSIS, EMBASE,
Google Scholar and Springer Online Archives Collection
were used to conduct a search of the literature. The following
keywords were used: glycemic variability, cardiac autonomic
neuropathy, and diabetes mellitus. Research findings missed
by the web search have been identified through a manual
search of the bibliography of publications.

Cardiac autonomic neuropathy
and diabetes mellitus

In persons with type 1 DM (T1DM) and type 2 DM
(T2DM), the prevalence of CAN varies from 1 to 90 and 20
to 73 %, respectively [17]. Research by A. Motataianu et al.
(2018) demonstrated that CAN is a more common complica-
tion of TIDM [18]. However, due to inconsistent diagnostic
criteria and notable population differences, particularly in
terms of CAN risk variables (such as age, gender, and DM
duration among others), there is a broad variation in the
prevalence of CAN [19, 20].

According to data obtained from cross-sectional or longi-
tudinal studies, clinical predictors or correlates of CAN were
age, glycemic control, diabetes duration, and the presence of
other chronic complications of DM [16, 18, 21, 22]. A signi-
ficant risk factor for CAN development is poor glycemic
management [23, 24]. The correlation between glycemic
control and CAN in T2DM patients were analyzed in re-
search by C. Achmad et al. (2023) [25].

Therefore, early diagnosis of CAN is an extremely ur-
gent problem of modern diabetology. D. Ewing et al. (1980)
[26] suggested five tests to assess autonomic function. The
Toronto Diabetic Neuropathy Expert Group states that the
time-domain HR response to deep breathing, the Valsalva
maneuver, and postural change are the most commonly used
tests for determining cardiac parasympathetic activity. The test
with the highest specificity (80 %) is HR to deep breathing.
Cardiovascular sympathetic function is evaluated by assessing
Valsalva maneuver and the BP response to orthostatic change
[20, 27]. The frequency domain analysis of the short-term
ECG recordings is possible with specialized software. A second
approach to CAN diagnosis can be based on heart rate varia-
bility (HRV) evaluation during 24-h Holter ECG monitoring
and the application of statistical indicators in the time and
frequency domain [28, 29]. CAN can also be detected using
positron emission tomography with analogs of sympathetic
neurotransmitters, single-photon emission computed tomo-
graphy, the baroreceptor reflex, and heart rate turbulence [30].

Glycemic variability

Glycemic variability is established as glycemic excursions
throughout the day, including low and high glucose levels
[31, 32]. The evaluation of GV can be performed in different
ways, namely long-term, intermediate-term and short-term.
There is a need for future investigations of the possible dif-
ferences between mean HbAlc and long-term GV in the
contribution to the prognosis of a patient with DM [33, 34].

Glycemic variability can be evaluated using a wide range
of various techniques. Although numerous indicators have
been suggested, there still needs to be a defined gold-stan-
dard technique for assessing GV in clinical practice [35]. The
following continuous glucose monitoring (CGM) indicators
are specifically determined: low blood glucose index (LBGI),
high blood glucose index (HBGI), average daily risk range,
mean amplitude of glucose excursion (MAGE), mean of
daily differences (MODD), continuous overall net glycemic
action (CONGA), mean (average) standard deviation (SD),
J index, coefficient of variation (CV) [36].

Many of these indices can now be accessed by downloa-
ding self-monitoring blood glucose (SMBG) data, making
them accessible to patients and physicians. Other indices
are quite difficult even when calculated using blood glu-
cose monitoring technologies like CGM. Most research
that looked at the correlation between various assessment
methods showed that the most popular ones are tightly con-
nected and with previously created measures used to measure
HbA ¢ variability [9, 36].

Diabetes Control and Complications Trial (DCCT)
showed the primary role of GV in microvascular compli-
cations development, namely intensive therapy reduces the
manifestation of diabetic retinopathy (DR) and its further
progression, as well as other TIDM complications. Identical
results apply to other microvascular complications, namely
nephropathic and neuropathic outcomes. The investigators
concluded that only 11 % of the variation in the risk of DR
could be due to higher HbAlc levels, so other factors are re-
sponsible for the remaining 89 % [9]. The negative impact of
GV in developing diabetic micro- and macrovascular compli-
cations is proved in clinical trials [37]. It has been suggested
that an unsatisfactory state of GV may have a more harmful
effect than chronic hyperglycemia on the development of
cardiac autonomic dysfunction in T2DM [38—40].

According to the International Consensus, the primary
measurable outcomes of CGM are the mean glucose, time
in range (TIR), glucose management indicator (GMI), GV,
time above range (TAR) and time below range (TBR). For the
interpretation of obtained data from CGM it should be at least
10 days of valid data from more than 14 days of recording [41].
For patients using CGM TIR was defined as the time in the
target range of glycemia between 70 and 180 mg/dL with re-
ducing TBR [42]. Additionally, numerous parameters of CGM
can be used for GV assessment, namely SD, CV, MAGE,
mean absolute glucose (MAG), MODD, J index, CONGA,
LBGI, HBGI, an area under the curve hypoglycemia [43].

The development of chronic complications of DM is ex-
plained by the negative impact of glycemic peaks and nadirs
(dysglycemia) as well as by chronic hyperglycemia. Chro-
nic vascular complications development is caused by several
pathophysiological mechanisms, which combine oxidative
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stress (OS) activation and overproduction of advanced glyca-
tion end-products (AGEs) [9, 44]. Harmful effects of blood
glucose fluctuations and chronic hyperglycemia have been
reported. OS reinforces the cardiovascular adverse effects of
GV, the atherogenic effects of postprandial glucose, insulin
resistance and postprandial peaks of blood lipids [45]. The
data from pathophysiological studies indicate that GV is a
primary factor of vascular damage [44].

The exact mechanisms of cardiovascular autonomic dys-
function development are underinvestigated. The increase of
protein glycosylation and gradual increase in the AGEs in the
tissues is caused by chronic hyperglycemia. The connection
of the AGEs with their receptors and chronic inflammation
leads to tissue damage and autonomic dysfunction. Violation
of autonomic control increases the myocardial inflamma-
tion, which leads to the development and progression of
endothelial dysfunction and interstitial fibrosis [21, 46]. In-
creased GV lead to chronic inflammation and OS that can
cause CAN development [22, 47, 48]. The following provi-
sions can confirm this assumption: dysfunction of the ANS
develops in prediabetes and early stages of DM, which can be
accompanied by increased proinflammatory cytokines [21].
The results of in vitro studies indicate that the trigger effect of
sharp fluctuations in blood glucose on the state of OS cause a
reactive oxygen species excess in the mitochondrial electron
transport chain [22].

In a descriptive review, R. Livingstone et al. (2020) eva-
luated the “GV hypothesis”, namely the evidence for the
role of elevated GV, over and about mean glucose levels and
hypoglycemia in the manifestation of chronic complications
of TIDM [48]. However, most studies of TIDM in cultured
cells and ex vivo vessels were small and/or cross-sectional.
The authors concluded that there is insufficient substantial
evidence to support this hypothesis in TIDM. However, the
popularization of the use of CGM will confirm or deny this
statement. At the same time, a study by M. Yapanis et al.
(2022) showed that GV obtained by CGM is generally as-
sociated with complications of diabetes after adjustment for
HbAIc [42]. However, only one retrospective study found
an inverse relationship between baroreflex sensitivity (BRS)
and HbAlc variability in patients with T2DM, without any
relation to mean HbAlc [39].

Glucose variability and diabetic
cardiac autonomic neuropathy

At the pre-diabetes stage, there is an increase in glucose
level variability, which can be used as an additional parameter
to assess glucose homeostasis [49]. The research results by
I. Hirsch et al. (2019) [50] indicate that the treatment’s main
goal should be controlling GV, as the sharp fluctuations in
the blood glucose level are harmful. Therefore, future inves-
tigations are needed on the pathophysiological contribution
of GV to increased cardiovascular risk and the development
of autonomic cardiac dysfunction [51].

Currently, it is not known for certain whether GV is asso-
ciated with CAN. Only in a few trials the impact of GV on the
stage of CAN in persons with T2DM was studied [52]. J. Jun
etal. (2015) investigated the impact of GV on CAN develop-
ment. This study included 110 persons with T2DM who un-
derwent a three-day CGM. Univariate analysis demonstrated

the increase in all parameters of HbAlc variability among
CAN (+) persons. Multivariate analysis demonstrated the
independent correlation of coefficient of variation of HbAlc
(HbA1c-CV) with CAN, but no dependence for SD and
MAGE was found. A significant association of SD of HbAlc
(HbAlc-SD), log CV of HbAlc and adjusted SD of HbAlc
with the CAN was found. An increased risk of CAN progres-
sion was seen in individuals with higher HbAlc-CV [53].
Thus, CGM results indicate that the development of CAN
in individuals with poor control of T2DM is independently
associated with CV and all variability parameters.

The correlation between glycemic control and CAN in
T2DM patients were analyzed in research by C. Achmad
et al. [25]. Multivariate analysis showed that mean HbAlc
was significantly correlated with cardiovascular autonomic
tests score even after adjustment for DM duration and treat-
ment, age and gender [25]. However, it has been reported
that improvement in glycemia alone does not indicate an
improvement in cardiac autonomic function in T2DM. In
particular, the Veterans Affairs Cooperative Study on T2DM
was to analyze the effect of 24 months of intensive hypogly-
cemic therapy on the prevalence of peripheral or autonomic
neuropathy. Obtained results demonstrated that 2 years of
intensive therapy was accompanied by a slight improvement
in neuropathy and apparent improvement in upper extremity
touch sensation and cranial neuropathy [54].

A study of the relationship between GV and CAN was
performed by W. Xu et al. (2016) included 90 patients with
newly diagnosed T2DM who underwent CGM lasting from
48 to 72 hours, and the CV of glycemia, MAGE, and MODD
were calculated. Obtained results demonstrated that 22.2 %
of persons were diagnosed with CAN. In the CAN (+) group
was found an increase in MAGE and a tendency to increase
in GV. A significant relationship between MAGE and CAN
was established by logistic regression analysis. The resear-
chers concluded that MAGE is a significant predictor of
CAN and GV s related to CAN development in newly diag-
nosed T2DM [55].

The possible relationship between ANS and GV in
T2DM persons was investigated by S. Kalopita et al. (2014).
After adjusting for HbAlc and disease duration, the inverse
association between HRV and the standard deviation of
mean glucose level was found. Most HRV indicators in the
time domain were significantly correlated with the SDMG,
but a stronger association for nocturnal HRV parameters was
found. The authors concluded that in patients with T2DM,
HRV is inversely associated with GV, which proves the con-
nection between autonomic dysfunction and GV [56]. The
research results on T2DM confirm that short-term GV is
involved in microvascular complications pathogenesis [57]. It
has been proven that there is bidirectional regulation between
glucose metabolism and ANS activity [58].

The results of several studies indicate that one of the key
risk factors for CAN development is GV. In particular, it was
reported that violations in ANS balance, namely fluctuations
in sympathetic activity after awakening, were positively cor-
related with GV in patients with T2DM [59].

Although the factors of CAN progression are known, the
reversibility of ANS dysfunction remains open. J. Jun et al.
(2019) investigated clinical factors associated with CAN re-
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covery. In a retrospective longitudinal study, patients with
T2DM and CAN without CVD’s at baseline were observed
for 2—3 years. Recovery was classified as partial and comp-
lete; for complete, the normalization from definite or severe
CAN should be obtained. Among the 759 patients with CAN,
29.9 % were found to be recovered from CAN, and 1.2 % had
fully recovered. Partial and complete recovery from CAN was
observed in patients of younger age, with a shorter duration of
DM, without the presence of micro/macroalbuminuria, and
with a reduction of HbAlc and body weight. Among the asso-
ciated factors, the highest importance belongs to younger age.
In a multivariable model, younger age was the only significant
factor for complete recovery of CAN [60]. E Wei et al. (2016)
conducted a study which involved 239 T2DM persons. The
impact of GV on the progression of renal and endothelial
dysfunction was investigated. SD and CV of serially measured
fasting plasma glucose and HbAlc were used to calculate
visit-to-visit GV. Kidney and endothelial function was as-
sessed at the beginning and at the end of observation. It was
demonstrated that an increase in visit-to-visit GV was found
to reduce renal and endothelial dysfunction in T2DM per-
sons independently. More sufficient data on the connection
between GV and BRS must be provided [61]. D. Matsutani
et al. (2018) conducted a multicenter prospective open-label
clinical trial to determine the relationship between HbAlc-
CV and BRS. The primary objective was to find the possi-
ble association between BRS and HbAlc-CV. Univariate
analysis revealed an inverse relationship between CGM SD,
CGM CV and MAGE with BRS. Additionally, the correlation
of BRS with age, estimated glomerular filtration rate, HR,
coefficient of variation of R-R intervals, and cardio-ankle
index was found. After adjusting BRS for age, gender, dys-
lipidemia, HR, BP, mean glucose level, cardio-ankle index
and estimated glomerular filtration rate, multiple regression
analysis demonstrated the significant association of reduced
BRS with MAGE and CGM CV. A reduction in BRS after
two years of DM duration was also demonstrated independent
of gender and age. The study’s results indicate that in patients
with T2DM, regardless of the glucose level, GV and HbAlc
variability were inversely proportional to BRS independent of
mean HbAlc. Considering the obtained results, the authors
concluded that HbAlc variability is a marker of BRS reduc-
tion in T2DM, and BRS may predict cardiovascular events
considering GV [39].

Detailed information on the relationship between
CGM-derived GV scores and diabetes complications is pre-
sented in a review by M. Yapanis et al. (2022) in the PubMed
and Embase databases. The relationship between GV and low
TIR with chronic DM complications has been demonstrated.
Notably, a higher TIR was associated with DR risk reduction,
albuminuria, all-cause mortality, and CVD. An SD of blood
glucose and MAGE was connected with peripheral neuro-
pathy. Ergo, the evidence supports the connection between
GV indicators and complications of diabetes mellitus [42].
The value of TIR in clinical practice is of growing interest.
In a cross-sectional study, R. Dimova et al. (2020) studied
the relationship features between some OS markers, heart
autonomic function, GV, and indicators of the Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) in
healthy and persons with pre-diabetes. It has been proven

that in conditions of pre-diabetes, there is an increase in
GV indices and a higher prevalence of cardiac autonomic
dysfunction. At the same time, a reliable correlation be-
tween OS indicators and the autonomic heart tone was not
found. HOMA-IR and TIR were prognostic variables for
CAN. The parasympathetic and sympathetic activity were
independently associated with J-index in patients with pre-
diabetes and negatively correlated with mean glycemic level
and GV indices. Thus, the autonomic function of the heart
is reduced in pre-diabetes and is probably related to GV and
HOMA-IR in the early stages of dysglycemia. In addition, it
was suggested that the association of TIR with the develop-
ment of complications in T2DM and pre-diabetes. The au-
thors believe that exposure to GM can be only an additional
risk factor for autonomic dysfunction, which cannot have
a more harmful effect than chronic hyperglycemia [51]. At
the same time, A. Breyton et al. (2021) rightly observed that
the assessment of CGM GV parameters can provide more
complete glucose control than standard postprandial moni-
toring [34]. C. Yang et al. (2020) believe that variability of
HbAlc, especially HbAlc CV, may complement traditional
baseline HbA1lc measures to determine the risk of microvas-
cular complications in T2DM. In persons with T2DM with
relatively optimal baseline glycemic control, the significant
role in microvascular outcomes belongs to HbAlc variabi-
lity compared to persons with poor glycemic control [62].
Thus, a key component of dysglycemia in T2DM is GV, and
parameters such as TIR, MAGE, and SD can be routinely
used alongside traditional measures such as HbAlc, fasting
and postprandial plasma glucose [34].

Time in range

American Diabetes Association (ADA)/European As-
sociation for the Study of Diabetes (EASD) 2022 consensus
considers TIR as the time in the target range of glycemia
between 70 and 180 mg/dL (3.9—10.0 mmol/L) [63]. TIR
can be used to assess glycemic control and reduced TIR
correlate with a higher risk of microvascular complications
[64]. TBR and TAR are also valuable indicators for evalua-
ting treatment regimens. When using an ambulatory glucose
profile to assess glycemic control, the target parallel to an
HbAlc < 53 mmol/mol (< 7 %) for many is TIR > 70 %,
with an additional value of TBR of less than 4 % and time at
< 3.0 mmol/L (< 54 mg/dl) less than 1 % [63, 65]. R. Beck
et al. (2019) demonstrated that in TIDM, CGM parame-
ters, particularly mean glucose, and TIR, are moderately
correlated with HbAlc. I. Hirsh et al. (2019) retrospectively
analyzed the results of four randomized trials, including data
from 530 adults with TIDM or T2DM treated with insulin.
CGM data for more than two weeks and HbAlc parameters
were studied. The results suggest that the indicators obtained
by CGM are important and help to intensify diabetes therapy
independently of HbAlc rapidly [35].

TIR, like HbAlc, has a similar relationship with diabetic
microvascular complications [67]. A strong correlation be-
tween TIR and HbA1c was reported in the studies of R. Viger-
sky et al. (2019). This finding allows the transition to TIR
as a better indicator for assessing individual patient’s glyce-
mic control, analyzing clinical studies results and predicting
chronic complications development. The results of the data
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analysis of 3262 patients with T2DM indicate a significant
association between TIR and DR after controlling for gender,
age, BMI, duration of DM, HbAlc, BP and lipid profile. The
association remained significant even after further adjustment
for GV metrics [68]. Thus, it was concluded that there is an
association between TIR and DR in the state of T2DM [64].

Q. Guo et al. (2020) analyzed the relationship between
TIR and CAN among 349 patients with T2DM, including 228
patients with CAN. Obtained results demonstrated that lower
TIR was associated with a more severe CAN stage. Simulta-
neously, the increased TIR was accompanied by a decrease in
the severity of CAN. Thus, it was concluded that there is an in-
dependent connection between CAN and TIR [69]. Thus, the
assessment of CGM, first of all TIR is potentially a perspective
outcome measure. Compared with HbAlc testing, TIR pro-
vides more sensitive and accurate results. For example, CGM
assessment can record acute hypoglycemia or hyperglycemia
at any time that cannot be obtained by HbAlc evaluation
[68]. It has been established that the GV can assess physio-
logical sources of variation in diabetic complications beyond
glycemic control and be a useful clinical research tool [69].
The prospective descriptive study aimed to analyze factors as-
sociated with poor glycemic control showed that patients with
TIR > 80 % have been shown to have better outcomes than
patients with TIR < 80 %. In addition, frequent hypoglycemic
conditions were not recorded in this category of patients [35].

A study of the association of TIR 70—180 mg/dL (3.9—
10 mmol/L) with the development or progression of micro-
albuminuria and DR was conducted by R. Beck et al. (2019).
The results indicated an association between a higher risk of
microvascular complications and TIR and concluded that
TIR should be considered an acceptable endpoint for clinical
trials [66].

Conclusions

Continuous glucose monitoring undoubtedly plays a
significant role in assessing the safety and effectiveness of
T1DM treatment. Only limited evidence suggests that GV
is also beneficial in patients with T2DM, particularly those
requiring insulin therapy [70—73]. The 2022 ADA/EASD
consensus states that routine glucose monitoring has limited
additional clinical benefits for people with T2DM not using
insulin but also adding burden and cost [72]. However, for
some individuals, glucose monitoring, especially in combi-
nation with education, can provide insight into the impact
of lifestyle modification and treatment on glucose levels and
disease symptoms [63]. Results of trials demonstrated that
TIR may be used as a promising metric in assessing glycemic
control and the prognosis of diabetes complications deve-
lopment [74, 75].

CAN is one of the frequent long-term complications of
DM, and reasonable control of GV may be necessary for its
prevention. Determination of GV may have advantages for
predicting future complications of DM in clinical trials and
practice. The association of ANS dysfunction and glucose
levels, insulin resistance, and HbAlc variability suggest fur-
ther research to reduce chronic complications development.
Further investigation is needed to study the mechanisms of
GV and evaluate them as therapeutic targets in the treatment
of patients with T2DM.
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BapiabeAbHiCTb rAiKkeMii Ta Aia6eTUyHa
KOPAIGAbHO OBTOHOMHQO HeMpOonaTis

Pe3wome. Kapniansna asronomHua Heiiponaria (KAH) TicHo
MoB’si3aHa 3 NMPUOJU3HO IT'ITUKPATHUM ITiIBUIIEHHIM PU3UKY
CepLEeBO-CYIMHHOI CMEPTHOCTI Y XBOPUX Ha IIyKPOBUIA HiabeT
(II1). YpaxkeHHst BeretaTuBHO1 yHKuii mpu LI/, 1o nmpusso-
IUTb 10 po3BUTKY KAH, Moxe cynpoBoIXKyBaTHC illIEeMi€I0 KO-
pPOHApHUX apTepiil, MOPYIIEHHSIMH CEPLIEBOTO PUTMY, «TUXUM>»
iH(dapKTOM MioKapaa, BUPaXKeHOI OPTOCTATUYHOIO TIlOTEH3iEI0
Ta CUHIPOMOM pPAaIToOBOI cepiieBoi cMepTi. B orsiai HaBeneHo
aHaJli3 JiTepaTypHUX JaHUX LIOAO0 BILUIMBY BapiabeJbHOCTI IJli-
keMii (BI') Ha po3sutok niadernunoi KAH. I1poananizoBano
MOJKJIMBI B3a€MO3B 13K MixX ImokaszHukamu BI B oci0 i3 gia-
oetnuHoro KAH, 30kpema muTaHHS 1I0I0 TJiKeMiYHOTO KOHT-
poito i KAH, 38’30k Mixx BI' i KAH npu nykpoBomy miaberi.
He3anoBisbHUIA TIiKEMiYHUIT KOHTPOJIb Ta HEKOHTPOJIbOBAaHUIA
IIIKEMIYHUI CTaTyC BBaXKAlOThCSI OCHOBHUMMU YMHHUKAMU PH-
3UKy XpoHiuHuX yckiaaaHeHb LIJ1, 3okpema KAH. 36inbiieHHs
BI acouitoeTbesl 3 BULIMM PU3UMKOM XPOHIUHUX ycKiaaaHeHb L1,
CepLEeBO-CYIMHHUM PU3UKOM, CMEPTHICTIO Bill yCiX TIPUYMH Ta
3aXBOPIOBaHICTIO. Pe3ynbratv KIIIHIYHUX BUIIPOOYBAaHb IIPOIC-
MOHCTpPYBaJH, IO Yac y Aiala3oHi MOXe OyTU MepCcreKTUBHUM

KPUTEPIEM OLIIHKU TJIIKEMIYHOTO KOHTPOJIIO i MPOTHO3YBaHHS
PO3BUTKY YCKJIaIHEeHb aiabety. Lleit ormsin 6a3yeThest Ha TIONIYKY
niteparypu B 6azax PubMed rta MEDLINE, Scopus, BIOSIS,
EMBASE, Google Scholar i Springer Online Archives Collection.
Bynu BUKopucTaHi Taki KJII04OBi cJIOBa: BapiabeJbHiCTh IJIiKeMil,
KapIiaJlbHa aBTOHOMHA HelpoIarisi, IlyKpoBuii giadeT. J1st BusB-
JICHHSI pe3yJIbTaTiB JOCTiIKEHHS, SIKi He BAAJIOCS 3HAUTH I1if 4ac
OHJIAH-TTOLIYKY, BUKOPUCTOBYBABCSI PyYHMII MOILIYK MyOTika-
uit. KAH — onHe i3 HaltyacTilmx BiggajeHux yckiaanHeHb LI,
i HaJIeXXHU T KOHTPOJIb IJTiKeMii HeoOXiHU 151 3a1100iraHHs M.
BusHaueHHSsT BapiaOeTbHOCTI TITiKeMil MOXe MaTH TiepeBaru Ioa0
MMPOTHO3YBaHHS MOJAJbIINX YCKIanHeHb LIJ1 y KIIiHIYHMX 10C]Ti-
JDKEHHSIX 1 Ha MpaKTULi. Acolliallisi BereTaTuBHO1 AMC(YHKIIT Ta
PiBHSI IJIIOKO3M, PE3UCTEHTHOCTI 10 iHCY/iHY i1 BapiabeabHOCTI
HbA ¢ epenbavyae momajblii JOCTIIKEHHS 1T 3MEHIIIEHHS PO3-
BUTKY XPOHIYHUX yCKIaaHeHb. HeoOXinHi momanbIii J1oCTimKeH-
H$l, 1100 BUBYUTU MexaHi3Mu BI' i oLiHUTH iX SIK TepaneBTUYHI
MillleHi npu JIiKyBaHHI nauieHTiB i3 LI/ 2-ro tumy.

KirouoBi cioBa: uykposuii n1iabeT; KapaiaabHa aBTOHOMHA HEli-
porarisi; BapiabeabHiCTh ITiKeMil
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®epoceHko M.B., 3otoB O.C., Bepetryako P.1,
HavioHanbHU meamyaH yHiBepcuteT imeHi O.O. boromobLst, M. KuniB, YkpaiHa

BitamiH D 9K NOTeHLWiNHUN TepaneBTUYHUN AreHT
MiCLL€BO-NMOLUMPEHOro PAKY MOAOYHOI 3AAO3U
(OrAgA AiTepatypm)

Pestome. AsTopamu onpalboBaHo, npoaHanizoBaHo Vi nigcymoBaHo AaHi ry6slikaivi OcTaHHIX 4ecaTupid LLogo
BBy BiTamiHy D Ha pe3ynbTatv fikyBaHHS paKy MOSIOHHOI 3a7103U, MICLs1 | posii Fioro akTuBHOI ¢hopmu i MeTabori-
TiB Ha eTanax KaHLeporeHe3y 3/105IKICHUX HOBOYTBOPEHb MOJIOYHOI 3a/103u, MPOsIBIB in Vivo Ta in Vitro roro «Hekna-
CUYHNX» €QDEKTIB, MPOrHO3YBAaHHSI MOXITMBOIO MPaKTUYHOMroO 3aCTOCYBaHHS OTPUMAHVX Ha MOJEKY ISIPHO-KITITUHHOMY
piBHI pe3yrnbTartiB. BuB4eHHs noTeHLiviHoro BrimBy BiTamiHy D Ha eqbeKTUBHICTb CUCTEMHOI Teparii paky MOmo4YHOI
3as103u riocigae Barome MicLe B cy4acHuX JOCTiAXeHHsIX. 38’30k fegiynty sitamiHy D i paky Moro4YHoi 3a5103u —
Le rone LWMPOKOI ANCKYCIl, ika TpmBae Lyo[o 6araTtb0X acneKTiB (PU3NK BUHUKHEHHS, (haKkTopy NporHo3y, eghex-
TUBHICTb JlIKYBaHHS1, BUXKMBAHICTb). Y LbOMY iTepatypHOMY Orfisigl, IKnii BKIIKOHYaB JOCIAXKEHHS, LLO PI3HWUANCS 38
AunsaviHoM i BUBipKoro, Hamu 6yria 3pobrieHa cripoba cuctemMaTndyBatu pe3ynbTtaTu, ki 6y oTpuMaHi BripoLoBX
OCTaHHIX POKIB i3 Ljiei TeMaTvku, Ta OLIHUTY iX MOTEHUIVIHY iMIIeMeHTaLito B KIiHIYHY npakTuky. Ha ocobnvBy yBary
3acyroByroTh PIBHOMAHITHI 3a AN3ariHOM HaYyKOBI pOBGOTU, NPUCBSIHEHI BUSIBJIEHHIO MOTEHLIVIHOro rpeanKTOPHOIro
BrnBY BUXIGHOIO i KIHUEBOro piBHiB BitTamiHy D Ha ycriixn Heoan'toBaHTHOIO JliKyBaHHS | MOCUIeHHs BiarnoBigi
MyX/IMHN Y NaLiEHTOK 3 MICLIeBO-MOLLMPEHNM PaKOM MOJIOHHOI 3a5103u1. OTprMaHi cucTeMaTn3oBaHi aHi CryryoTb
BEKTOPOM [/151 PO3BUTKY MOAASIbLLNX HAYKOBUX AOCTIAXEHb cepes NayieHToK 3 paKoM MOJSIOHHOI 3a5103u B YKpaiHi.
Knro4oBi cnosa: sitamiH D; pak MOJIO4HOI 3a1031; HE0ad tOBAHTHA Teparlisi; KAHLIePOreHe3; MICLieBO-MOLLNPEHI
pak MOJIOYHOI 3a5103n

Bctyn

Pax mosiouHoi 3an03u (PM3) — ocHOBHa nmpuyuHa
CMEPTI Bil 3JI0SKiICHUX 3aXBOPIOBaHb Ccepell KiHOYOTo Ha-
ceneHHs y cBiti. 3a ontinkamu GLOBOCAN, 3 2020 poky
PM3 € npoBiiHO0 MPUYMHOIO 3aXBOPIOBAHOCTI XiHOK Y
CBITi, BUNIEPEOUBIIN IIPUA IIbOMY paK JIETeHi, i CTAHOBUTH
11,7 % Bin 3arajapbHOI KiJTbKOCTI 3apeeCcTpOBAaHUX BUTIANKIB
3JI05IKiCHUX HOBOyTBOpeHb. CMepTHicTh Binm PM3 craHo-
Buia 684 996 (6,9 %) Bumnankis y 2020 polri i mocina m’site
micue. [IporHo30BaHO OYiKY€EThCS MiK 3aXBOPIOBAHOCTI Ha
PM3 no 2040 poky, 1110 ekBiBaJIeHTHO 28,4 MJIH BUMAAKiB
i Ha 47 % Ginbiire mopiBHsIHO i3 2020 poKoM, a HaOLIBII
Bpa3JIMBUMU KOTOPTaMU MAliEHTIB BBAXXKAOThCS XKUTEJ1
KpaiH 3 IepexiTHUM cTaTycoM eKoHOoMiKM [1]. He3Baxkaroumn
Ha CyJaCHMI MIXKAMCIHUIUTIHAPHUI Ta iHAMBiAyali30BaHUI
MiaXia 10 JIIKyBaHHSI JaHOI MAaTOJIOTii, YCIiXY B XipypriyHo-
MY i CUCTeMHOMY JIiKyBaHHi, CMepTHicTb Bin PM3 3anuia-
€TbCSI BUCOKOIO, 1110 BUMArae Touryky HOBUX TapreTiB, siKi

MOXYTb POOUTH BaroMuii IpsIMUi a00 OIMOCepenKOBaHUI
BHECOK Y PO3BUTOK i repe0ir 1aHoro 3axBoproBaHHs. Ofi-
HUM 3 Takux (akTopiB € BitamiH D, nediuut sKoro criocre-
pira€Tbcs B OUTBIIOCTI HACEICHHS TUIAHETH, a IoTO CHPO-
BATKOBUM i peLIeNITOPHUI CTaTyC IIMPOKO JOCTIIKYETHCS i
Ma€ TIpUKJIaJHe 3HaYeHHs B 0aratbox chepax MeIUIIMHU,
y TOMY 4ucCJli B OHKOJIoTii. HapaxoByeTbcs 3HaYHa Kijlb-
KiCTh AOCIIiI>K€Hb, MPUCBSIYEHUX MMPOTEKTOPHOMY BILIU-
BY BiTaMiHy D CTOCOBHO paKy MOJIOYHOIT 3aJI03U Ta iHIIMX
3JI05IKICHUX HOBOYTBOPEHb, PU3UKY PO3BUTKY, PE3YJIbTaTiB
JIIKyBaHHSI, 30KpeMa 301UTbIIEHHIO YyTIUBOCTI MyXJIMH 10
CHCTEMHOI Teparlii, BAXKMBAHOCTI i TpOTrHO3y [2—5].

MoAeKyAspHe O6rPYHTYBAHHS POAI BiTaMiHy D
Y KOHLUeporeHesi paky MOAOYHOT 30AO3MN
Bitamin D (BD) i iforo metaboJiTi BitoMi cBOiMU KJia-
CUYHUMMU epeKTaMU, 110 OKPECTIOIOTh PeTyJIsLilo KiCT-
KOBOTO MeTabostizMy. OHaK camMe «HEeKJIaCU4Hi» epeK-
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TH BUKJIMKAIOTh IIUPIINK HAYKOBUIA iHTEepeC i CAyTyIOTh
noJieM TMOCTIHHUX MOIIYKiB i KJIiHIYHUX AOCHiIKeHb. BD
BUKOHYE pPOJIb OJHOIO 3 KJIIOYOBUX aHTUIIPOIihepaTUB-
HUX i MPOAnonTOo3HUX areHTiB Ha eTarnax KaHIeporeHesy,
iHriOye aHrioreHe3, MeTacTazyBaHHs, IpolleC iHBa3ii, a Ta-
KOX CTUMYJTIOE TH(epeHIIiFoBaHHS KIITUH [6—8]. AKTUBHa
HupKyJoouda ¢popMa BitaMiny D, kanbuuTpios, iHrioye
npoJtidepallilo KITAH IUISIXOM ITiIBUIIEHHS eKCIpecii iH-
riditopiB ukIiH-3anexHux KiHa3z (CDK) p21i p27, inridye
MIiTOT€HHY Iepenady CUTHaliB pakTopaMu POCTY, TAKUMU
sk IGF1 i EGF, monyntoe BHYTpilIHbOKIITUHHI KiHa3Hi
nutsixu (PI13K170). [naykiiito anonTo3y KaJbIUTPios 30iki-
CHIOE OITOCEPEIKOBAHO Yepe3 iHTiOyBaHHS aHTUAITOIITO3-
HUX reHiB, Takux sk BCL2, i cTuMyJIsiIito mpoanonTo3Hux,
takux sk BAX [9, 10]. Kanbuurtpiosn npurHiyye ekcrpecito
daxropa pocty enpotenito cynuH VEGFE, renacuuny C,
06- i P4-inTerpuHis, iHayKye E-xanrepuHski, y cBoio uep-
Ty, PeryJoTh MPOLEeCH iHBa3ii, aHTioreHe3y il MeTacTa-
3yBaHH4 [11, 12]. Bysno BcTaHOBIEHO, 1110 KaJbLUTPiOa
iHTi0Oy€E eKCIpecito UKI00KCUTreHa3m-2, 10 Npu3BOAUTh
N0 3HWXKEHHS PiBHS Mpo3analbHUX MpocTarjaHAuHiB.
Ony6ikoBaHi gaHi Oy/Iu IATBEPIXKEHi in vivo Ta in vitro,
OyJ10 3’sICOBaHO, IO CYIpeciss CMHTE3y MpocTarjiaHInHIB
KaJIbIIUTPiOJIOM MPU3BOAUTD IO 3HIKEHHS eKCIIpecii apo-
marasu |3, 13]. € nani, 110 cBimyathb npo iHridytouy aito BD
cTocOBHO pelentopiB ERa Ta omocepenkoBaHe MoTeHIliliHe
MIBUIIEHHST YYTAUBOCTI TyXJIMHU 10 MEIUKAMEHTO3HOT
teparii [13, 14]. A. Krishnan i ciBabt. (2010) BcTtaHOBUIN
in vitro, 1110 OMHOYACHE 3aCTOCYBaHHS iHTiOITOpIiB apoMa-
Ta3W U KaTbLMUTPioJy HAa KIIITUHHUX JIiHISIX PaKy MOJTOYHOIL
3a103u (MCF-7) npu3BoauTh A0 MOCUICHHS MPUTHIYEHHST
pocty KiituH. Byno BusiBiieHo cynpecopHy aito BD mono
npoliecy TpaHCKpuMii B kiaiTuHax PM3, oTouyouiii xku-
POBIili TKAaHWHI 1 MTpeaTuIoNTaX, 10 MPU3BOINUTH 10 3HU-
>KEHHSI eKcripecii apomarasu [13].

Ha okpemy yBary 3aciyroBye Miciie Bitaminy D y kaH-
LeporeHe3i TpyU4i HEraTUBHOIO pakKy MOJIOUYHOI 3aJI03U,
SIKUI XapaKTepU3Y€EThCS BiICYTHICTIO eKCIIpecii ecTpo-
T€HOBUX i MPOTECTEPOHOBUX PELIETITOPIB i 0OMEKEHOIO
KIJIBKICTIO TepareBTUYHUX MillleHei. 3TiIHOo 3 JaHUMU 00-
CcepBalliifHMX i MPOCIEKTUBHUX AOCIIIKEHb, Cepel Imalli-
€HTOK 3 JAHUM MOJIEKYJISIPHUM MiITUIIOM CITOCTEPIra€ThCst
HaOUIbIIe YUCIO 0Ci0 3 HEIOCTATHICTIO YU Ae(PillMTOM
BD [15, 16]. Pe3ynbraTi mociaKeHb Ha KIITUHHUX JTi-
HisIX TPUYi HETaTUBHUX IMYXJIMH MOJIOYHOI 3271031 BKa-
3aJ1M Ha HasIBHICTb €KCIIpecil Ha iX MOBEPXHi PelenTopiB
no BiTaMiHy D, a 3acTocyBaHHSI KaJbLMTPioay YU HOro
aHaJIOTiB MOXKe MPU3BOIUTH IO CYIIPECii Ipolliecy iHBa-
3ii MyXJIMHU, MPU3BOASIYN 10 3HUXKEHHS METACTUYHOTO
noteHuiany [17—19]. Takox npu DOCHiIKEHHSX in Vivo
OyJ10 BUSIBJICHO, 1110 BILUIMB KaJbLIMTPIONy HA TPUYi Hera-
TUBHI MYXJIMHU TIPU3BOIUTH 10 CTUMYJIIOBAHHS eKCIIpecii
ERa, 1110 103B0JIsIE iHTEPIIPETYBATH TaKUil eeKT K Jito
MOTEHIIMTHOTO areHTa, 10 iHAYKY€E Ta MOCHIIIOE BiAMOBiAb
Ha aHTHECTPOreHHy Teparriio [20].

BuieHaBeneHi JaHi MOJEKYISIPHUX TOCTiIXKEHb Mif-
KPECJI0I0Th BaXJIMBICTh BiTaMiHy D y MyXJIMHHMX MeXaHi3-
Max KaHIIepOTreHe3y, a OTKe, HeOe3ITiICTABHO JO3BOJISIOThH
BBaxkaTy 1Oro CUPOBAaTKOBMIA CTaTyC MIPOTHOCTUYHUM (haK-
TOPOM Mepediry 3aXBOPIOBaHHSI i Pe3yJIbTaTiB JiKyBaHHSI.

Micue sitamiHy D B He0OA’IOBAHTHIN Tepanii
MiCL,eBO-NMOLUMPEHOro PAKY MOAOYHOIT 30AO3U

Heoan’roBaHnTHa Tepalrisi paKy MOJIOUHOI 321031 ChO-
TOAHI — IIe He JIMIIE JiKyBaHHS MiCII€BO-MOIIMPEHOTO
paKy MOJIOYHOI 3aJ103U, aJie i CTaHaapT NepeaonepaliiHol
CHCTEMHOI Tepartii OiIbIIIOCTI BUTIAAKIB TPUYi HETATUBHOTO
i HER2/neu-no3utuBHOro MoJIeKyJISIpHUX TiaTuiis PM3.
JlocsITHEHHSI IIOBHOI ITaTOMOP@MOJIOTiYHOI BiAITOBIIi ITyXJTH-
HU (pCR) € OCHOBHUM MPEIUKTOPOM ii YCHillIHOTO MpOBe-
IIeHHS 1 MOJIIMIIIeHHs BimgajaeHux pe3yabratis [21, 22]. Lle
CTBOPIOE T0JIE HAYKOBOI IUCKYCii, 110 BUMAarae po3iupeH-
Hs1 (DaKTOPiB, SIKi BIUIMBAIOTh Ha MOTEHIIifiHE JOCSTHEHHS
pCR. 3 orssimy Ha BullleONMCaHI MOJIEKYJISIpDHI MeXaHi3-
MM BIUIMBY BiTaMiHy D Ha KaHlieporeHe3 paky MOJOYHOI
3aJI03M IIJIKOM CTIPaBeIIMBOIO € TiloTe3a Mpo WMOBipHe
MPOTHOCTUYHE 3HAYEHHS KAJIbIUTPiONy i HOTO pelenTopiB
1100 maTOMOP(O3y MyXJIUHU.

Y cBoeMy peTpocniekTuBHOMY AociimkeHHi E. Tokunaga
Ta criBaBbT. (2022) pocaimuiu BrutuB piBHs 25(OH)D Ha no-
CSITHEHHSI TIOBHOT MaTOMOPGOJIOTIUHOT BiAMOBII MyXJIMHU
cepen 250 xiHok i3 PM3 I—III cragiii. Ycim nauieHTKam
Oyso BuMipsiHO piBeHb 25(OH)D mo mouatky xiMioTepare-
BTUYHOTO JIIKyBaHHS I OLIiIHEHO OCHOBHI KJIiHiKO-I1aTOJIO-
TiYHi MOKa3HUKU XiHOK. ITic/s cTaTMCTUYHOrO ompalo-
BaHHSI JaHUX OyJI0 BUSIBIEHO MO3UTUBHUI KOPEJSIiHHMIA
3B’5130K Mix piBHeM 25(OH)D i Bikom (p=0,0016), a cTa-
TucTUYHO Buinuit piBeHb 25(OH)D cnocrtepiraBcst B xKi-
HOK y ITOCTMEHOTMay3i MOPiBHSHO i3 Mepu- Ta MEHOMNay3010
(p=0,0020). CTaTUCTUIHO 3HAYNMUX 3B’SI3KiB MiX piBHEM
cupoBaTkoBoro 25(OH)D i kiiHiuyHOW0O cTafieto, ekcrpe-
cieto ER i PgR, cratrycom HER2/neu, MmoiekynasipHuUMu
nigTunamu nyxjauHu Ta pCR He Oyno BusiBiieHo. [1pu ripo-
BeIeHHi 0MHO(MAKTOPHOIO aHaji3y O0yJ0 BCTAHOBJIEHO, 1110
HU3bKUI1 piBeHb cupoBaTtkoBoro 25(0OH)D 0yB moB’sa3anmit
3 KOPOTIIMM 4acOM JI0 BAHMKHEHHS BiljaJlieHUX MeTacTa-
3iB (p=0,0165), a pCR 0yB noB’s13aHuii 3 HOro JOBILIUM
intepBaiom (p=0,037). baratodakropHuii aHai3, IKUi
BKJIIOUAB 11i (pakTOpH, MOKa3aB, 1110 OLIbII BUCOKA KJIiHIYHA
cranist (IIIC) i Hu3bkuii pisenb 25(OH)D y cupoBariii KpoBi
Oy/I1 He3aJe>KHMMU TipIIMMU MPOTHOCTUYHUMM (haKTOopa-
MM 10O Yacy HacTaHHs BimmaneHoro peunausy (p=0,0445
ip=0,023) [22].

A. Chiba Ta cniBabT. (2018) npoBeau peTpOCIeKTUBHE
KOTOPTHE IOCiIkeHHs cepen 144 XKiHOK, sIKi OTpUMYBaIn
nikyBaHHs [—III craniit PM3 3 University of lowa (yHi-
Bepcutety AiioBa) Holden Comprehensive Cancer Center
(67 mawienTok) i Institut Régional du Cancer in Montpellier,
®panuis (77 nauieHToK). [Ipy cTaTUCTUYHOMY aHaTi3i He
0yJ10 BUSIBJIEHO BiIMiHHOCTI MiXX TBOMa IpyIaMu MalliEHTOK
LIOO BiKY, KIiHIYHOI CTafii, MOJIEKY/ISIPHOIO IiATUITY TyX-
s i yacrot pCR. CriocrepiraBcst MOpiBHSIHO HUXKUMIA
piBeHb CMPOBATKOBOTrO BiTaMiHy D y XiHok ®DpaH1iii mopis-
HSTHO 3 KOTOpTOIO0 AitoBU (cepemHe 3HaYeHHs 21,5 Tpotn
27,5 ur/mn, p < 0,01). ITpu npoBeneHHi 6aratoakTOPHOTO
aHaJizy OyJ10 BUSIBIECHO, 110 AeiuT BitamiHy D 30i1b11y€e
IIaHCH ManieHToK He mocarti pCRy 2,68 pasa (95% nosip-
ynii iHTepBai (CI) 1,12—6,41; p = 0,03) mic/iss KopuryBaH-
HS BIUIMBY KOTOPTH, KJIIHIYHOI CTaii Ta MOJIEKYJISIPHOTO
migTuny myxJauHu. L 3MiHHa 3aiulianacs 3Hauylolo Ipu
nediuuti Bitaminy D, Bu3HaueHomy sik < 30 Hr/ma [23].
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Omny6aikoBaHe Yepe3 piK JOCIiIKEHHS Ha PO3IIMPEHii
KOTropTi XBOpMX MiJ KepiBHULITBOM M. Viala Ta criiBaBT.
(2018) y Bumie3ragaHux JiKyBaJbHO-HAyKOBHUX ILI€HTPaX
OyJIO CIiB3BYYHUM 3 TIOTEPEIHIM Ta OKPECIUIO BU3HA-
yaJbHYy pojb AediuuTy BitamiHy D y nepebiry miciieBo-11o-
IIUPEHOTO paKy MOJIOYHOI 3aJ1031 Ta BILIMB Ha Pe3yJIbTaTh
iloro nikyBaHHs. Lle Oyso peTpocnekTuBHe oOcepBalliiiHe
IOCTiMKeHHS 3a yyacTio 327 mauieHToxk i3 II—I1I cramistmu
PM3, sxi npoxoauin Heoaa IoBaHTHE XiMioTepareBTUUHE
JIiKyBaHHSI 3 BAKOPHUCTaHHSIM aHTPAlMKIIiHIB i/a00 TakcaHiB
3 nogaBaHHsIM aHTH-HER2/neu-Ttepanii npy HER2neu-no-
3UTUBHUX MyXJUHaX. YCiM MalieHTKaM O0yJI0 BUMipSIHO pi-
BeHb BiTamiHy D 10 moyatky cuCTeMHOro JlikyBaHHs. XKi-
HOK OyJIO TMXOTOMIYHO PO3IiJI€HO Ha ABi IPyMU 3 piBHEM
BiTaminy D, 1m0 Bu3Ha4aBcs K HEIOCTATHIN i JOCTATHIl,
BD < 20 ur/mi (136 mamieHToK) i > 20 Hr/™M1 (191 marnieHT-
Ka) BignmosigHo. [1py moOymoBi MomeJi TOriCTUYHOI perpecii
OyJ10 BUSIBJIEHO CTATUCTUYHO 3HAYMMMI 3B’SI30K MiX piB-
HeM BiTamiHy D i maToMmopdosorivHo MoBHOIO BiMOBIAIIO0
nyxaunu, p = 0,04. lediuut Bitaminy D OyB noB’si3aHuit
3 imoBipHicTio HemocsirHeHHst pCR (73,5 % nipotu 26,5 %
pCR y rpymi Hu3bKOrO piBHA Bitaminy D). [Ipu upomy ce-
pen MalieHToK 3 poctaTHiM piBHeM BD mocsirHenHst pCR
criocrepiraiock y 37,2 % Bumnankis [24].

Kuiniune nocnimxkenns NEOZOTAC (A. Charehbili
Ta CITiBaBT.) OKPECJIIO BaXJIUBICTh MUTAHHS BUMipIOBaHHS
piBHsI BiTaminy D 10 i micyisi Heoas 1OBaHTHOTO JIiKYyBaHHSI
PaKy MOJIOYHOI 3aJ103U, a TAKOX BKa3aj0 Ha HEOOXiaHICTb
3aro0iraHHs Oro 3HUXKEHHIO Ta MOTpedy TeparneBTUYHOTO
KoperyBaHH4. Lle OyJio paHAOMi30BaHe KJIiHiYHE JO0CJi-
JIDKeHHS, 1110 BKIto4aso 250 maiieHToK 3 HeMeTacTaTUIHUM
pPaKkoM MOJIOUHOI 3aJI031, SIKi OTpUMYBaJH Tepenornepa-
LifiHe crcTeMHe JIiIKyBaHHS y 26 JiKyBaJIbHUX 3aKjaamax
Hinepmangis y mepion 2010—2012 pp. Y mocmimkeHHsa 0y10
3aJ]y4eHO MALiEHTOK, SIKi OTPUMYBaJIM JIUILE KYypCH HEO-
an’roBaHTHOI nomiximioreparii (HITXT), a Takox Oyma rpy-
a NMalie€HTOK, JiKyBaHHS SIKUX BKJIIOYAJIO KYPCH CUCTEMHOT
Tepallii Ta 30J1eApoHOBOI KucaoTu. [lanieHTKu apyroi rpynu
3TiIHO 3 TIPOTOKOJIOM JOCJIIIKEHHST OTPUMYBaIM BitTaMiH D
y KizbkocTi 400 MO i kanbuiii y nosyBanHi 500 mr. Buxin-
HUIi piBeHb BitamiHy D 6yin0 orpumano B 169 naiieHTOK, a
piBeHb michst 3akiHueHHs KypciB HITXT — y 91 maiieHTKu.
MeniaHHi 3HaYeHHS BUXiTHOTO i KiHIIEBOTO PiBHIB BiTa-
miny D cranoBunm 58,0 HMmomb/n (£ 27,5) i 51,0 HMonb/a
(£ 28.4) BiamoBinHO. Y mali€eHTOK, SIKi OTPUMYBAJIU JIUIIIE
HITXT, O6yn0 BcTaHOBIEHO Me/liaHHe 3HAaYeHHST 3HUKEHHS
piBH# BiTaminy D, 110 cranoBwio 16 Hmounb/1 (p = 0,003).
V XiHOK, SIKi JOJATKOBO OTPMMYBaJu BiTaMiH D i KanbIIii,
CTaTUCTUYHO 3HAYMMOTO 3HWKeHHS piBHSI BD He Oyi1o Bu-
sapineHo. [1pu mpoBeneHHi 6araToakTOpHOIO aHaIi3y cTa-
TUCTUYHO 3HAYMMOTO BIUTMBY BUXiJTHOTO piBHS BiTaMiHy D
Ha 4yacToTy naromopdoJioriuHo noBHux perpeciit (p = 0,92;
OR = 1,00; 95% CI 0,97—1,03 st pCR) ab6o yacTKOBUX
perpeciii myxauH (p = 0,66; OR = 1,00; 95% C10,97—1,02)
He OyJio BUsIBiIeHO [25].

[le onne xuiHiuHe mocaimxeHHs [-SPY (Clark A.
Ta cmiBaBT., 2014) ouiHIOBaJO POJIb iHilliaJJbHOTO PiBHS
BiTamiHy D mepen moyaTkoM KypciB ximioTeparii cepesn
82 nauieHtok 3 HER2/neu-HeraTuBHUMU MyXJIMHAMMU.
[lepBUMHHOIO KiHIIEBOIO TOYKOIO TOCTIIXEHHSI OYB 00’ €M

0,95;

0,017); Ha KOXHY OAVHULIO (HI/MA) NiABULLEHHS PiBHA BiTamiHy D

A3aHUIN 3 IMOBIPHICTIO

A3aHUIA 3 KOPOTLIMM 4acoM A0

0,0165) 6ys nos’

Pe3ynbTatun
0,04. OedpiumT BiTamiHy D 6yB nos’

0,003)
CTaTncTM4HO 3Ha4MMOro 3B’a3Ky Mix piHem BuxigHoro 25(0H)D i pCR/RCB He 6yno BusB-

JIeHO.

vioBa oTpUMyBasn TaKcaH-BMICHI pexxumu ximiotepariii.

0,03)

A

CTaTnCTMYHO 3HAYMMUX 3B’A3KIB MiX piBHEM cupoBaTkoBoro 25(0H)D i kniHi4HOK cTagieto,
ekcnpecieto ER i PgR, ctatycom HER2, monekynsipHumu nigtunamu nyxnunu i pCR He 6yno

BUSIBNEHO.
CTaTnCTMYHO 3HA4MMUX 3B’A3KiB MixX piBHEM cupoBaTkoBoro 25(0H)D i kniHi4HOK cTagieto,

ekcnpecieto ER i PgR, ctatycom HER2, monekynsipHumu nigtunamu nyxnuHu 1a pGR Mix aBo-

Ma KOropTamu He Gyno BUSIBNIEHO.
PiBeHb BiTamiHy D < 30 Hr/mn 36inbLUye WaHCK XiHKK He fgocsarTu pCRy 2,68 pa3a (95% Cl

1,12-6,41; p
CTaTnCTU4HO 3HAYMMOr0 3B’A3KY MiX piBHeM BuxifHoro 25(0H)D i pCR He 6yno BUsABNEHO.

MegiaHHe 3Ha4eHHSA 3HXEHHS piBHA BiTamiHy D npotarom kypcis HIXT ctaHoBumno

16 Hmonw/n (P
BiacyTHocTi pCR (73,5 % HepocarHenHs pCR npotu 26,5 % pCR y rpyni HU3bkoro piBHs

BWsIBNEHO CTATUCTUYHO 3HA4UMMNIA 3B’A30K MiXX piBHEM BiTamiHy D i natomophonoriyHo
BiTaMiHy D)

Byno BUSIBNEHO CTATUCTUYHO 3HA4MMUIA 3B’330K MiX piBHeM BiTamiHy D i Ki67 (OR

95% C10,91-0,99; p
iMOBIPHICTb 36iNbLIEHHA Nponichepavii nyxanMHN CTaHoBMNA 5 %

Hun3bknit pieHb cuposatkoBoro 25(0H)D (p

HACTaHHS BiAAANEHOro peunanBy
MOBHO0 BiANOBILAK NYXJIUHK, P

+ KanbLin
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pe3uayaabHOI MyXJIMHHI, a BTOPUHHUMU — PiBEHb €KCIIpeCii
Ki67, ctyniab mudepeHItialii myxJIMHA, O6i7I0K-PeryIsTop
anornro3dy Bcl2. [1pu nmpoBeneHHi 6araToakTOpHOIo aHa-
JIi3y CTaTUCTUYHO 3HAUYMMOTO 3B’SI3KY MiX HEIOCTaTHIM
piBHeM BiTaMiHy D i maroMopdo/10riyHOoI0 BiATOBIAIIO ITyX-
JINHU Ha TiepenorepalliiiHe JiKyBaHHsI He OyJIO BUSIBJIEHO
(OR =0,75;95% CI1 0,14—2,19). [1pu npoBeaeHHi aHATi3y
1100 3B 3Ky piBH BiTamiHy D i 6ioMapKepiB myxXJIMHNI
OyJ10 BUSIBJIEHO CTATUCTUYHO 3HAYMMY KOpeJsito Mixk BD
ta Ki67 (OR = 0,95; 95% CI1 0,91-0,99; p = 0,017); Ha
KOXHY OAWHUIIIO (HT/MJI) MiABUILEHHS piBHS BiTamiHy D
iMOBIpHICTb 30iIbIIIEHHS TTOKa3HMKA MapKepa mpoJidepartii
MyXJIMHU CTaHOBWIIA 5 %, 110 MOXKe CIIYTYBaTH TiICTaBOIO
IJ1st (DOPMYJTIOBAHHSI TilMOTE3M MPO UMOBIpHY CyMpeciio
npodtidepaii Bitaminom D y maii€eHToOK 3 JOCTaTHIM 1Oro
piBHeM [26, 27].

Pesynbratu BUIIeOnMcaHuX 1OCTIIKEHb CUCTEMATU30-
BaHi B Tao. 1.

BucHoBKkMU

BuBueHHSs MOTeHLiHOTO BIUIMBY BiTaMiHy D Ha edek-
TUBHICTb CUCTEMHOI Tepallil paKy MOJIOYHOI 3aJI03U1 ITOCiTae
Barome Miclie B CydaCHMX JIOCTI/DKEHHSIX. 3B’S130K aeDiliuTy
BiTaMiHy D i paky MOJIOYHOI 3aJI03U — 1Ie MOoJIe IIMPOKOI
JUCKYCIi, sIka TPUBA€E 110/I0 OaraTboX acrekTiB (PU3UK BU-
HUKHEHHSI, (paKTOpU MPOrHO3Y, €PEKTUBHICTh JiKyBaH-
H$I, BUDXKMBAHICTh). Y 1IbOMY JIiT€paTypHOMY OTJISI/I, SIKWiA
BKJIIOYaB JOCJiIXKEHHS, Pi3Hi 3a Au3aliHOM i BUOipKOIO,
Hamu OyJia 3pobJieHa cripoda cucTeMaTu3yBaTH pe3yJibTa-
TH, SKi OyJIM OTpUMaHi BOIPOJAOBX OCTAaHHIX POKIB 3 IIi€l
TeMaTUKU, 1 OLIIHUTH iX IMTOTEHIIiiHY IMIUIEMEHTALIil0 B KJIi-
HiYHY MpaKTUKY. besyMOBHO, MU CIOCTEPIraEMO HEOIHO-
PiIHICTb pe3y/bTaTiB BUILIEHABEACHUX JOCTiIKeHb, OMHAK
11€ TTOSICHIOETHCSI HU3KOI0 OOMEKEeHb, 1110 OYy/Iu BUSIBJICHI
i1 onucaHi B gociimkeHHsIX. OCHOBHUMM XapaKTePUCTU -
KaMU TaKuX JOCJHiIXKEeHb, 1110 MOXYTb CTaBUTH Mill CYMHIiB
iHTepIpeTalilo pe3yabTaTiB, € MePioj i KpaTHICTh 3a00py
KPOBi, CE30HHMUI1 BIUTUB iHCOJISLIII Ta XapaKTep XapuyBaHH!,
MOXJIMBICTh HEBpaXyBaHHS iHIINX MO3aKIiHIYHUX (DaKTO-
piB (Bik, MeHCTpyalbHa (DYHKILisI, HASIBHICTh/BiICYTHICTh
BariTHOCTe, PizuHa aKTUBHICTD, KYPiHHS, BXXMBAHHS aJl-
KOTOJI0, BiITAMIHHUX J00aBOK, OPAJIbHUX KOHTPALIETITHBIB),
€THiYHa i1 pacoBa IIPUHAJIEXKHICTh MAILIIEHTOK, CTAaTUCTUYHA
HEKOPEKTHICTh MOPiBHSIHb BUOIPOK, BUOIp TPy KOHT-
pOJI0, TU3aiiH JOCTiI>)KeHHSI, TPUBAJIICTh CIIOCTePEXKEeHHSI.

VY nesikux podorax Oy BUCBITJIEHI pe3yJbTaTH 110A0
BILUIMBY BiTamiHy D Ha pe3ynbTaTu Heoal IOBAHTHOIO
CUCTEMHOTO JIiIKyBaHHS JINIIE OKPEMUX MOJIEKYJISIPHUX
MiATUIIIB paKy MOJOYHOI 3aJI03U, 110 YHEMOXJIMBIIIOE 1X
iHTepIIpeTallilo cepen 3arajJbHOi KOTOPTU MallieHTiB. Ta-
kM KitiHivHM gociimkeHHsIM € NEOZOTAC, y ske Oynn
BKJIIOYeHi e nauienty 3 HER2/neu-HeratTuBHUM pakom
MoJioyHOi 3a51034u. Kpim Toro, kputepii ouinku pCR Binpis-
HSUTUCS B PI3HUX TOCTIKEHHSIX, 110 TAKOX MOXe BIUIMBATU
Ha BUHUKHEHHS HEeBiIMOBIIHOCTI.

Hes3Baxatoun Ha MeBHi AMCKyTabeIbHI pe3ybTaTh Hay-
KOBUX POOIT, Y OLIBIIOCTI 3 HUX BCE 3K MiAKPECIIOETHCS, 1110
nauieHTKy 3 PM3 MaloTh HIDKYMI BUXiTHUI piBeHb BiTaMi-
Hy D nopiBHsIHO 3i 3m0poBuMHU ocobamu [10], a HaitHMKYi
piBHI BiTaminy D cmocTepiraioTbcs IIpu TpUYi HeTaTUB-

HUX MyXJIMHAX, 1110 103BOJISIE PO3LIHIOBATH 1110 KOTOPTY SIK
HaWOUTBIN Bpa3IuBY i pO3pOOUTH MMOBIpHUIA MiAXiM 11010
iHilliaJIbHOTO BUMIipIOBaHHS i KOpeKIlii ctaTycy BiTamiHny D
y IaHOT TPYIIN XKiHOK.

KondurikT inTepeciB. ABTOpU 3as1BISIIOT MPO BiZICYTHICTh
KOHQJIIKTY iHTepeciB i Bj1acHOi (piHaHCOBOI 3a1liKaBJIeHOCTi
IIPY TiATOTOBII JaHOI CTATTi.

Buecok aBropiB. PeoceHko M.B. — KoHLemnilist Ta 1u-
3aiiH, HalMCaHHS TeKCTYy, aHaji3 jJireparypu; 3otoB O.C. —
KOHIIETILIisI, HalTMCaHHSI TeKCTY, penaryBaHHs; Bepeiia-
ko P.I. — xoHuenuisi, pegaryBaHHsI.
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Vitamin D as a potential therapeutic agent for locally advanced breast cancer
(literature review)

Abstract. The authors have studied, analyzed, and summarized the
data from publications of recent decades regarding the effect of vitamin
D on the outcomes of breast cancer treatment, the place and role of its
active form and metabolites at the stages of carcinogenesis, in vivo and
in vitro manifestations of its “non-classical” effects, prediction of the
possible practical application of the results obtained at the molecu-
lar-cellular level. Studying the potential influence of vitamin D on the
effectiveness of systemic therapy for breast cancer occupies an impor-
tant place in modern research. The connection between vitamin D de-
ficiency and breast cancer is a field of extensive debate that continues on
many aspects (risk factors, predictors, treatment effectiveness, survival).

In this literature review, which included studies different in design and
sampling, we attempted to systematize the results obtained in recent
years on this topic and to evaluate their potential implementation in
clinical practice. Particularly noteworthy are scientific works of various
designs devoted to identifying the potential predictive influence of ini-
tial and final vitamin D levels on the success of neoadjuvant treatment
and enhancement of tumor response in patients with locally advanced
breast cancer. The systematized data obtained serve as a vector for fur-
ther scientific research among patients with breast cancer in Ukraine.
Keywords: vitamin D; breast cancer; neoadjuvant therapy; carcino-
genesis; locally advanced breast cancer
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CTOH cepueBO-CYANHHOI TA KICTKOBOI CUCTEM
Yy AIOAEU MOXUAOIO BiKY i3 CYOKAIHIYHUM FinOTUPEOo30M,

aKi OTPUMYBOAU AIKYBAHHS A€BOTUPOKCUHOM:
CUCTEMOTUYHUN OTASA | METACQHAAI3

Pe3tome. AkTyanbHicTb. QUChyHKUIS LMTONORIGHOI 3251031 € MOLLUMPEHOIO B JIOAENH MOXUIIOro BiKY, NPUYoMy
OinbLUM pU3NK ii BUHMKHEHHSI CrIOCTepiraeTbCsl B XIHOK. [Jokaau cBigyaTh rpo Te, L0 PiBEHb TUPEOTPOrNHOro
ropmoHy (TTT) 3 Bikom ripupoaHo nigsuLlyeTbcs. OaHak Yepes Te, Lo MPOTAroM YCbOro XUTTS AOPOCSION N0ANHN
4751 ouyiHkm piBHS TTI y cupoBartLi KpoBi 3aCTOCOBYIOTLCA €AMHI PEPEPEHTHI diana3oHn, SII04SM MOXMIIoro Biky
4acTo BCTaHOBJNOKTL giarHo3 cy6kKiiHiYHoro rinotupeody (CI), a gesikum ocobam rnpu3Ha4varoTs JliKyBaHHS J1eBO-
TUPOKCHHOM (LT4). Banuiuaetbcsi He3' aCoBaHUM MUTAHHS, Yn acouitoeTbes NikyBaHHS LT4 y nitHix mogevi iz CI
3 HECMIPUATIIMBMM BIJIMBOM Ha CTaH CepLEBO-CYANHHOI Ta KicTKoBoi cuctem. Matepiann Ta metogu. 3 mMeToro
y3arasibHeHHs1 JaHuX ronepenHix JOCHigKeHb, y KNX OLiHIOBaM cTaH cepueBo-CyanNHHOI cucTteMu 1a 340poB’s
KicTok y nirogevi noxunoro Biky 3 CI, MOpiBHIOKYYM rpynn, siKi OTPUMYBAsIU Vi HE OTpUMyBanu fikyBaHHs LT4, 6ynn
rpoBefeHi cuctemaTnydHmii ornag i metaanania. Y 6asax gaHnx PubMed, Embase, Cochrane Library, MEDLINE i
Web of Science nposoamscs noLuyk ctates, poamileHnx 4o 13 6epesHs 2023 poky, i 6ynu BigibpaHi OCTAKEHHS,
AIKI OYiHIOBaNM cTaH cepuyeBo-CyaNHHOI cucTemu i 340POB’s KICTOK y nroaevi, ctapLumx 3a 50 pokis, i3 CI. Pe3yrb-
TaTtn. byno 3HavifeHo LICTb cTaTted, y sKux 3arasaom 6yro 3aay4eHo 3853 yHacHuKiB, y KOXHIVi — Big 185 fo 1642
yHacHUKIB, i3 4acTKor XIHOK Bif 45 40 80 %. 3 npu4nHu Hectadi JaHnx 6ys10 nNpoaHanizaoBaHo mLLe iHghopmawito
CTOCOBHO 0Ci6, cTapLumx 3a 65 pokis. Kpim Toro, 6yso 3HanineHo [ochigkeHHs 3a y4acti 12 212 oci6é Bikom Big
18 poKiB; ofHaK 47151 BK/IOYEHHS] B CUCTEMATUYHUV Or/1s4 PO3ITIS[aIMCs vlle faHi, Lo CTOCYThCS NnayieHTiB
BikoM 65 pokiB i cTapLumx. I3 ymx 7 gocnigxeHb y 4 oyiHoBaIv BrIMB HA CTaH CEPLEBO-CYANHHOI cucTemu, B
OfHOMY OLiHIOBasIY BB HA CTaH 340POB’s1 KICTOK, & y 2 [OCTIAXEHHSX OLiHI0Bau BriMB Ha 0buaBi CUCTEMU.
MetaaHania cepueBo-CyaMHHUX HacnigKkis BusBmnB 06’egHaHe crniBsigHoLLeHHs1 puaukis 0,89 (95% Al 0,71-1,12),
L0 BKa3ye Ha BifCyTHICTb BipOorigHoi pi3HUL)i LLIO[O CepLieBO-CYAMHHOIO PU3NKy cepes siroaevi noxmnoro Biky 3 CI,
AKI OTpuMyBasnn JikyBaHHs LT4, nopiBHAIHO 3 TUMU, XTO He oTpumyBaB LT4. Hepes nepexpeLleHHs faHux Jesiknx
AocnigKeHb MeTaaHasnia JaHux LLoAo BI/IMBY HA CTaH 3L40POB’S KICTOK 6yB HEMOX/mBuv. BucHoBku. [JaHuii cuc-
TeMaTu4HWV Ornsg i MetaaHasnia He BUSIBUW BiporigHoi acoyiavii M BukopucTaHHsM LT4 i nopyLLeHHsIM cTaHy
cepLeBo-CyaANHHOI cucTemMu Ta 340P0OB’s KICTOK B 0Ci6, cTapLumx 3a 65 pokiB, siki cTpaxagarots Big Cl.

Kntro4oBi cnoBa: cy6kiiHiuHui rinoTvpeos; 3axBopoBaHHs LUMTONOR[IOHOI 3a51031; IEBOTUPOKCHH, CepLieBo-Cy-
[AVHHWI; 300POB’S KICTOK

Bctyn

CepleBO-CyAMHHI 3aXBOPIOBAHHS 3aJIMIIIAIOTHCS OCHOB-
HOIO IPUYMHOIO CMEPTi B YChOMY CBITi: illleMidyHa XBOpoOa
cepu i iHcyabT y 2019 poui cnpuunHmim 8,9 1 6,1 MaH
cMmeprteli BianosiagHo [1]. Hacenenns CnonydeHoro Ko-
pousicTBa (Benukoi bpuranii) 3pocrae, i B 2018 potti Oyi0
nependaveHo, 1o 1o 2043 poky KibKicTb OCi0, cTapinx
3a 85 pokKiB, Malixke moaBoiThes i gocsrHe 3 mutH [2]. [o-
poky 160 000 cmepteit y Benukiit bpuranii nos’s3aHi i3
CepleBO-CYAMHHUMMU MOMiSIMU, 110 CTAHOBUTH MPUOJIU3HO
23,9 % ycix cmepteit [3]. Y aeKibKOX TOCHTIIKEHHSIX He
BUSIBJICHO acolliallil Mixk CyOKJIiHiYHMM rirnotupeo3om (CI')
Ta illIeMiYHOI0 XBOPOOOIO ceplls, 1epeOpOBaCKYITPHUMU

3aXBOPIOBAHHSIMU 1 3aXBOPIOBAHHSIMU MepudGepuIHnx
apTepiit y momyJsilii oci6 JiTHboro Biky [4—8]. HaBmaku,
BUSIBJIEHO acoIliallilo MixK CYOKJIiHIYHUM TillepTUPEO30M i
cepleBO-cyanHHUM pusukoM [9, 10]. KpiM Toro, y KiTbKox
IOCHiIKeHHIX BuBYaau acouianiio Mixk CI' i 3mopoB’sim
KIiCTOK y TIOTTYJISILii JIFO/IE MOXWJIOTO BiKy I OTpUMAaJu Cy-
rnepewinsi pe3ynsrat [11—13].

TopMoHu mmMTOIIOAIOHOI 3aJI03M BiAIIOBIZAIOTH 32 Me-
Ta0o0JI1i3M y BCiX TKAHMHAX, BKJIIOYHO i3 ceplieM, TTIeUiHKO1O,
MO3KOM, M’sI3aMH i KiCTKaMu, a 1ucOagaHC TOPMOHIB I~
TOITOIIOHOI 3aJT031 MOXKE IIPU3BECTU O METa0OIIYHOI J1C-
¢ynkuii [14]. 3arajbHa MOIMMPEHICTh TiMOTUPEO3y CTAaHO-
BUTB pu6n3Ho 5—10 % y 3aranbHiii momysiii y Benvkiii
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Bpuranii. [moTrupeo3 giarHOCTyEThCS, KOJIU JTIOOMHA MaE
MiABUIIEHUI piBeHb TUpeoTportHoro ropmony (TTT) [15].
CI o3nauvae, mo piBHi TTT nepeBuIyoTh MPUNHATHUMA
KOHTPOJIbHUIA Iiania3oH, TOi SIK PiBHi BUTBHOTO TUPOKCUHY
3aJIMIIAI0THCS B 3aTaJIbHONIPUAHSATUX MexKax [ 14].

IMpubausno 3,5 % HacenenHsa Benukoi bpuranii mpu-
3HAYalOTh 3aMiCHY Teparlilo FopMOHAMU IIMTONOAIOHOI 3a-
JIO3U, 1 KiIbKICTh BUTIMCAHUX PELIETITIB HA JIEBOTUPOKCUH
(LT4) mopiuno 3pocrtae [16, 17]. MeToio mpu3HadYeHHS
L'T4 € nHopmamnizauis piBHs TTT i 3MeHIIEHHSI CUMIITOMIB,
OB’ SI3aHUX 3 TIIMOTHPe030M. OCKIJIBKM TilTOTUPEO3 € XPO-
HIYHUMM HEOOOPOTHUM CTaHOM, TMALli€EHTU, IKMM IIpU3HA-
yatoth T4, 3a3B1yaii moTpedyoTh TPUBAJIOTO JIiKyBaHHSI.

Hocaimkenns National Health and Nutrition Examina-
tion Survey (NHANES) [18] i Thyroid Epidemiology, Au-
dit, and Research Study (TEARS) [19] BusiBuIn, 1110 piBeHb
TTT y cupoBartiii KpoBi IiABUIIYETHCS 3 BIKOM. 32 JaHUMU
nocrimkeHHs: TEARS, st oci6 Bikom 90 pokiB i cTtapimx
HopMaJIbHUI Aiana3oH cupoBaTtkoBoro TTI Moxke cTaHOBUTU
0,4—5,9 MOn/n, a ve 0,4—4,0 MmOn/n1, IKMii 3apa3 BAKOPUCTO-
BYETBCS JUISL BCiX BikoBMX rpyn y Benukiit bpuranii [20].
National Institute for Health and Care Excellence Bu3HasB,
11O JJIs1 JIFOJIeH JTITHOTO BiKy TUITOBUM € piBeHb TTT Bix 4,0
10 7,0 MOn/n [21]. Orisin nepexpecHuX JOCTiKEeHb IT0Ka3aB,
1110 Maiike TMOoJOBMHA YYaCHUKIB, SIKUM Tipu3HayeHo T4,
OTPUMYIOTh a00 HaAMipHe, a00 HeIOCTaTHE JIiKyBaHHS [22].
SIK HemocTaTHE, Tak i HaAMipHe JIIKyBaHHSI TOPMOHAMH IITH-
TOITOAIOHOT 371031 MOXKE aCOLIiI0BATHC 3 IIOOIYHUMMU epeK-
TaMU, OCOOJIMBO B JIIO/IEH TIOXUJIOTO BiKY 3 BUIIIMM PU3UKOM
TOKCUYHOCTI TOPMOHIB IITUTOITOAIOHOI 3a103u1 [23].

Lleit cucteMaTuYHMt OIJISLA i MeTaaHaJli3 MaJad Ha METi
00’e/IHAaTU CyvacHi JaHi 1110/10 CTaHY CepleBO-CYAUHHOI
CUCTEMMU Ta 3I0POB’s1 KiCTOK B 0ci0 BikoM moHaz 50 pokiB 3
CI, 100 OLiHWTY, Y1 BiH MOTipIIyETHCS TIPU IIpU3HAYSHHI
LT4 y uiit BikoBiii KaTeropii. 3okpema, y 1aHOMY OTIJIsITi
MOPIBHIOBAINCS Pe3yJIbTaTH OCi0, SIKi OTpUMYBaIM i He
oTpumyBaiu JikyBaHHs LT4. Lleit orsin 3apeecTpoBaHO
B PROSPERO, MixHapoaHiit 6a3i jaHMX IMPOCIIeKTUBHO
3apPEECTPOBAHUX CUCTEMATUYHUX OTJISIIIB Y cpepi OXOpoHU
3710pOB’sI Ta COLiaJIbHOI TOMTOMOTHU (peecTpallitHuil HOMep
CRD42022308006). ITpoToko JaHOTO OIJISIAY HE CKJIadaIn.

MaTepiaAn Ta MeToAmn
Crpareris nowyKy

YV ubomy ornsni 0yjJo BUKOPUCTAaHO peKOMeHIallil
o10 OakaHUX eJIeMEHTIB IS CKJIaTaHHsI CUCTeMaTUYHO-
ro ornsiay it MmetaaHanizy (PRISMA) (momatkosuii aiin 1)
[24]. dBa aBropu, MH i MSF, He3anexxHo onuH Big OMHOTO
mykanu B 6a3ax naHux Web of Science, Cochrane Library,
MEDLINE i Embase ctarti, po3miiieHi no 13 6epesnsa 2023
poky. Bynb-siki KoHiKTK BUpilyBaB TpeTiit aBTop, SW.
VY cTpareriio nouryky 0yJ10 BKIIOUEHO I’ SITh TEPMiHiB, Opi-
€HTOBAaHMX Ha 3aXBOPIOBAHHS, JIIKYBaHHSI, pe3yJIbTaTH, BiK
YYaCHUKIB i TUIT JOCHIIXKEeHHS (1oaaTKoBuii daiin 2). JIBa
asropu, MH i MSE Bumanunu my0iikaTu cTaTeil, a IIOTiM
MepeBipuIN Ha BiIMOBIIHICTb KPUTEPISIM BKITIOUEHHSI Ha3BY
i1 aHOTalIi10 KOXHOI cTaTTi. [IoBHMIA TEKCT pelTu cTaTeit
OyJ10 TIpoaHasi30BaHO BilIOBIIHO 10 KPUTEPiiB BilMOBi/-
HOCTI, a IXHi CIIMCKM MOCUJIaHb MEPEBipeHO Ha HasIBHICTh
NOIATKOBUX KBaJTipikaliitHUX TOCTiIKEHb.

Kputepii Bia6opy

st orasay BinOMpaau JOCTIIKEHHS 3 yYaCHUKaMU
BikoM 50 pokiB i ctapmmmu 3 giarHo3om CI ski Oy po3-
TO/IiJIEHi Ha Tpyny nMpu3HaueHHs Tepartii LT4 i KoHTpoJbHY
Ipymy, y SKii npuiiManu mianebo abo He MpuiiMaIu HisIKO-
ro JIiKyBaHHS. BpaxoByBasucs iniiie TOBHOTEKCTOBI CTATTi,
oIy0JIiKOBaHi aHIJIilIChbKOIO MOBOIO, 32 TUIIOM JOCiIKEeH -
HSI — paHIOMi30BaHi KOHTPOJIboBaHi mocaimkeHHs (PKII),
KOTOPTHIi DOCIIKEHHSI, TOCTiIXKEHHST TUITY «BATAI0K —
KOHTPOJIb», IePEeXPeCHi JOCIiMKeHHS a00 JIOHTITYIMHAIbHI
JTOCJTiIKEHHS.

Crartri, sIKi BKJII0YaJy YYaCHUKIB 3 1iarHO30M paKy II1-
TOTOAIOHOT 341031, 3aXBOPIOBaHHS Tinodisa, BTOPUHHOTO
TiMOTHUPEO3Y, SBHOTO TiMOTUPEO3Y, TPETUHHOTO TiOTUPEO3Y
abo rinepTupeody, Oyim BUKIOUYeHi. Kpim Toro, 3 orsamy
Oy BUKIIFOUYEHI CTaTTi, Y IKMX YYaCHUKU OTPUMYBAIUN
iHIITy TUPeOoinHy 3aMicHy Tepamiio, Hixk ['T4. Takox Oyau
BUKJTIOUEHI JOCIIIKEHHS, Y SIKUX JOCTIIKYBaIUCS yUaCHU -
KW BUKJTIOUHO i3 CEpLEBO-CYIMHHUMU 3aXBOPIOBAHHSIMU B
aHaMHe3i, i TOCIIiIKeHHs Ha BariTHUX XiHKaXx.

OLUiHKQO pe3yAbTaTiB

Y nocnimkeHHSIX OLiHIOBAJIM KiJIbKiCTh YYACHUKIB, SIKi
micis mikyBaHHs L'T4 Manu cepueBo-CyauHHI momii (ire-
MiyHa xBopoOa ceplisi, 3aXBOPIOBaHHS MepudepuIHmx
CYyIVH, LIepeOpoBacKy/IsSIpHI 3aXBOPIOBaHHSI, KOpOHapHa
aHrioIiacTuka abo cepleBO-CyAMHHA CMepTh) a00 IeBHi
HACJIIKK 100 340POB’Sl KiCTOK (OCTEOnopo3 abo KpUXKi
nepenomn). i aBa acrekTu OyaM OKpeMo 3rpyIioBaHi IS
cuHTesy. JU1st aHami3y miarpyn TaKoX po3mISITACS HACTYII-
Hi KoBapiaTu: BiK, cTaTh, 103a L'T4 i piui TTI.

36ip AaHUX

JBa aBTopu orisiny (MH i MSF) He3anmexxHo onvH Bif
OJIHOTO MEePEeBipUJIM CTATTi HA BiIMOBIIHICTb KPUTEPISIM
BinOopy. Tpertiii aBTOop (SW) BupilryBaB yci KOHMIIKTHI
cuTyalii. BusydeHHs1 JaHMX KOKHOTO JOCTiI>)KEHHS BKITIO-
yaJio Taki aerali:

— aBTOpPH, Ha3Ba i pik BUAAHHS;

— Mepioa MOCHiIKEeHHS, TU3aliH JOCTiIKEHHS i KiJlb-
KiCTh YYaCHUKIB;

— nemorpadisi ydyaCHUKIB, HANTPUKIIAL BiK i CTaTh;

— MpU3HAYEHi 1031, YaCcTOTa i TpUBaJIicTh Tepamii 'T4;

— KIiJIBKICTh YYaCHUKIB 3 HAC/TiIKaMU 11010 CTaHy cep-
1IEBO-CYAMHHOI a00 KiCTKOBOI CUCTEMHU.

SKicTh HOCHiIKEeHb OLIIHIOBAIM 3a JIOTIOMOTOI0 KOKpa-
HiBCBKOTO iHCTPYMEHTY pU3UKY 3MmineHHs aiasg PK]I [25,
26] i wkanum Newcastle-Ottawa 1Jiss HepaHIOMi30BaHUX
IocIimkeHb [27]. SKicTh MoKa3iB OLIIHIOBAJIM 3a JOTIOMO-
rol0 HaCTaHOB IIOA0 PEKOMEHIAIlil, OLIiIHK!, PO3BUTKY i1
ouiHoBaHHs (GRADE) [28, 29]. Ouinka K sIKOCTi 10CJTi-
JIKeHb, TaK i SIKOCTi 10Ka3iB Oyya MpoBeaeHa He3aleXHO
nBoma apropamu orssiny (MH i MSF).

AHQOAI3 AQHUX

CTaTUCTUYHMIT aHAJTi3 TIPOBOJIMIIM i3 3aCTOCYBaHHSIM R,
BUKOPMCTOBYIOUHM TTakeT metafor. [eTeporeHHiCTh OLliHIOBA-
JIA 3a JIOTTOMOTOI0 CTaTUCTUKU [> TaKMM YMHOM, IO SIKIIIO
I = 0 %, HeomHopigHOCTI He GyIo; sKio I? < 50 %, Gyna
IMOMipHa HEOTHOPiAHICTB; Ko 12 > 50 %, ciocrepiranacs
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3HayHa HeogHOopimHicTk [30]. JocmimkeHHs Oy 00’ eqHaHi
3aJIeXKHO Bifl pe3y/abTaTiB — 300pOB’Sl cepleBO-CyIUHHOT
cucreMu i Kictok. OCHOBHUI aHaJi3 6a3yBaBCs Ha MOIEi
BUTIAIKOBUX ePeKTiB, 00’ €IHYIOUM BCi BiIITOBiTHI JOCTi-
JI>KEHHSI 3 BAKOPUCTaHHSIM KoedilieHTiB pu3uky (HR).

AHQAI3 YYTAUBOCTI

11 3a06e3IeuyeHHsT UTiICHOCTI TaHuX OyJIO IIPOBEICHO
aHaJji3 YyTJIMBOCTI. MU nepeBipriin Oyab-sKe MOTeHIiiiHe
IyOJII0BaHHS JaHUX YYACHMKIB Y JOCHIIKEHHSIX, TapaHTy-
104U, 1110 KOXEH yYaCHUK BPaXOBYETHCS JIUILE OJAUH Pa3.

PesyAbTaTH
Pe3yAbTOTH NOLWYKY

I1in yac moyaTKOBOro MOIIyKy Oy/I0 imeHTH(IiKOBaHO
1530 crareit (puc. 1), 462 3 skux gyomoBanvcs. s pemtu
1068 craTeii Oynu mepeBipeHi pe3ioMe i Ha3BH, y pe3yJabraTi
yoro 1ie 1031 crartio Oyso BukitoueHo. [1otiM Oys1o moBHi-
CTIO OIliHeHO 37 cTaTeid, BKJIIOYHO 3 iX CIIMCKaMM JliTepaTypu
[4,7,8, 12, 31—63]. [Tix yac momyKy B CIIMCKax JiTepaTypu
JIOIATKOBUX cTateil He 3HaitneHo. [Ticins nepeBipku 37 cTa-
Teil 3a BKa3aHUMM KPUTEPISIMU TSI BKJIFOUEHHS B OTJISIT
sanummiocst 7 crareit [12, 58—63]. Y mocnimkeHHSIX, Oy~
CaHUX Yy CTATTSX, B3sUIM y4acTh Bix 185 mo 12 212 yJyacHUKIB.
OnHaK B OMHOMY JOCJiIKeHHi 6a3 JaHMX, 10 BKJIIOYAIO
12 212 yvyacHuKiB BikoM Bifa 18 pokiB i cTapiuiux, He Oys10
TOYHO BU3HAYEHO KiJIbKICTh YYaCHUKIB BIKOM Bill 65 pOKiB.

XApaKTePUCTUKA AOCAIAIKEHDb

JBa aBTopu orsiny (MH i MSF) He3anexkHO ovH Bif
OIHOTO BUTSIIN 3 BUOpAHUX AOCIiIKEHb OTPMMaHi JaHi Ta
ix xapaktepuctuku (taosu. 1). Tpeba 3a3HaYMTH, 1110 OFHE
JMOCITIIKEHHST BKJII0YaJI0 0cib BiKoM Bin 18 pokiB; onHaK B
HbOMY Oy HamaHi KoedillieHTH pU3UKY 3aXBOPIOBAHOCTI
JUTS TIAIEHTIB BiKOM 65 pokiB i cTaprmx [58]. JIBa mociti-
IKeHHs 00’ emHanu pe3ynsrati PK/I (Homep mocmimkeHHS
NTR3851) [HcTUTyTY 10Ka30BOT MEAMILIMHY 111010 ITPOOJIEM
IIUTOIOAIOHOI 3a/103u B noxujoMy Biui 80+ (IEMO 80+)
i PKJI «3amicHa Tepariisi ropMOHaMu HIATOMOMIOHOI 3a-
JIO3M ISl HEIKOBAHUX JOPOCIUX JIOe MOXUIOTO BiKY
i3 cyoxumiHiyauM rimotupeo3om» (TRUST) (Homep mo-
caimkenns NCT01660126) [59, 63]. Jocnimkenus IEMO
80+ Bximouaso 105 yuacHukiB BikoM 80 pokiB i cTapimx i3
CT; nocnimxernnst TRUST Bxitouasno 737 y4acHUKIB BiKOM
65 poxiB i crapiux i3 CI. OnHe mocmiKeHHs 00’ €qHAaI0
MOBHI pe3yJIbTaTH ABOX JOCIIKEHb [59]; iHIIe mocimKeH-
Hs1 JIUIIe 00’ €aHANIO0 pe3yJIbTaTh y4aCHUKIB BikoM 80 pokiB
i crapiiux [63]. IBa qoCiiaKeHHS Oy MiIIOCTiIXKEHHSIMU
TRUST [12, 61]. OnHe 3 HuX BKI04Yaio 196 y4acHUKIB y
IBOX AocHimHUIbKKX HeHTpax y LlBeimapii [12]; iHme —
185 yyacHUKiB, sIKi Ipoiiiu exokapaiorpadiro [61]. Kpim
TOTO, OAHE JOCJiIKeHHS BKJIIOUAJIO pe3yabTaTu Bcix 737
yuacHuKiB gociimkerHHs TRUST [62]. He 3HalineHo Xo-
HOI CTaTTi, sIKa 0 Mmy6JIiKyBasia 1aHi OKpeMOTro JOCiIKEHHS
IEMO 80+.

Pe3yAbTOTU AOCAIAXKEHDb

IicTh mocmimKeHb OLiHIOBAIN BILJIUB Ha CEPLEBO-CY-
OUHHY cucTeMy (Tabu. 2) [58—63]. ¥V TpboX TOCTiIKEHHSIX
OLIIHIOBAJIM 3arajibHY KiJIbKiCTh CEpLIeBO-CYIMHHUX IO,

BKJIIOUHO 3 JICTAJIbHUMU i HeJleTaabHuMHU [59, 62, 63]. Yci
Tpu gociimkeHHs BusiBuad HR Menie 3a 1 3 HallHUKYUM
HR, 3HalineHUM y 3BeA€HOMY OOCIIIKEHHi Y4aCHUKIB,
crapirux 3a 80 pokiB (HR 0,61; 95% nosipunii iHTepBaj
(AT) 0,24—1,50) [63]. ITpoTe BCi TpU DOCTIIKEHHS Man
95% M1, 1m0 cBiTIUTh PO HEBEJIUKiI pO3MipU BUOIpKM I
BiJICYyTHICTb iCTOTHOI Pi3HUIII B CEpLEBO-CYIMHHUX Ha-
cigkax B oci0 iiTHpOTO BiKy 3 CI' He3ajexXHO Bil JIiKyBaH-
Hs1 LT4. B omHOMY Miag0CTiIpKeHHI po3TIsiaiy 3araibHy
KIUJIBKICTh CEepleBO-CYIMHHUX TOMii, ajle He po3paxyBa-
s ckopuroBany YCC uepe3 HeBeJIMKUI po3Mip BUOIpKU
[61]. HeoOpoObeHi pe3yabTaTvi JOCTiIKEHHS He TTOKa3aIn
3B 3Ky MiXK CepleBO-CyIMHHUMM MOMISIMU I TIPUIIOMOM
LT4 (OR 1,09; 95% A10,35—3,37). Y nBox o0cepBaLiiiHUX
TMOCTIIXKEHHSIX 0a3u JaHUX PO3TJsiaanacs CMEPTHICTh Bif
cepleBO-CYIMHHUX 3aXBOpIoBaHb [58, 60]. OmxHe moci-
JKeHHS 0a3M JaHUX He BUSBWIIO 3B 3Ky MixXK CMEPTHICTIO
Bi/l ceplieBO-CYJAMHHUX 3aXBOPIOBAaHb i BUKOPUCTAHHSIM
LT4 (HR 1,04; 95% 11 0,56—1,93) [60]. IHIIe mocmimkeH-
Hs1 023U JJaHWX TaKOX HE BUSBUJIO BipOTiAHUX BiIMiH-
HOCTEN y CeplLeBO-CYAUHHUX Pe3yJIbTaTaX HE3aJIeXXKHO BiJ
BUKOPUCTAaHHS 4YM HeBUKopucTaHHSI LT4 (koedimieHT
3axBoproBaHocti (IRR) 1,08; 95% JII 0,88—1,34) [58]. ¥
JIIBOX 00CepBalLliiHUX AOCiIKEHHSX Yac CIIOCTePEeXXEHHS
3a rnatieHTamu OyB HaAlAOBIIMM — TTOHA/ 3 POKU; B iHIINX
MOCJiIXKEHHSIX MaKCUMaJbHUI Mepiof CIOCTepekKeHH S
CTaHOBUB 3 POKM.

Y TpbhOX TOCTIIKEHHSIX BUBYAJIM CTaH 30POB’SI KiCTOK,
y HUX OyJIo BKJIToYeHo 3arajioM 1184 yuyacHukwu (tabim. 3)
[12, 62, 63]. Y aBOX i3 LIUX DOCTIAXEHb PO3IJISIATN JIAIIE
BUITIA[KU TIEPEIOMIB, a B OMHOMY — BMIIAJKU SIK ITePEIOMIB,
Tak i ocreornoposy. JlocimKeHHs, Y SKOMY MTOBiTOMJISLIOCS
Mpo oOMIBi MATOJIOTii, HE BUSIBUJIO 3B’ 513Ky MixK BAHMKHEH -
HSIM TIepeIOMiB a00 OCTEOImopo3y i BUKopuctaHnusam T4
(HR 1,06;95% J110,41-2,76i HR 0,75;95% 110,17—3,37
BiAMoBinHO) [62]. ¥V xXomHOMY IOCIiIKEHHI He BUSIBIIEHO
BipOTiIHOI Pi3HMIII 11010 3M0POB’sl KiCTOK B OCi0 BiKOM
roHaj 65 pokis i3 CI' He3a/lexXHO BiJ BUKOPUCTaHHS abo
HeBUKopucTaHHs L'T4.

OuiHKa sKOCTi

KoxxeH Tum ynepeaxeHocTi OyB kinacudikoBaHuUi sIK
HU3BbKUI, TTOMipHMI 200 BUCOKMI BilIIOBIIHO 10 KOKPaHiB-
CBKOTO iIHCTPYMEHTY PU3NKY YIEPEIKEHOCTI JIJIsT BCIX IT SITH
PK]I (momatkoBuii ¢aiin 3). OcKiabKu I’ SITh NOCTIIKEHb
BkJtovyasu aBa PKJI, pusuk 3MillieHHsI OYyB OHAKOBUM JIJISI
BCiX mociimkeHb. Tpu gociimkeHHs Oyau KiaacudikoBaHi
SIK IOCJIIIKEHHSI HU3bKOTO pU3uKy [12, 61, 62] i aBa — mo-
MipHOTO PU3UKY yIepemkeHocTi [59, 63]. Hepanmomizo-
BaHi JOCiIKEHHSI OTPUMAaJIM CiM-BiciM 3ipOK 3a IIKaJIoI0
Newcastle-Ottawa (monatkoBuii ¢aiin 4). B omHoMy mociti-
JKEHHI CITOCTepiragocs 3HXKEHHS SIKOCTI uepe3 HEBUKJITIO-
YEHHSsI YYaCHUKIB i3 cepleBO-CyIMHHUMMU MpodieMaMu Ha
nouatky [58]. Ouinka sikocti moka3iB GRADE Bussuia
BUCOKY $SIKiCTh JIOKa3iB, HAAAHUX B LIECTU JOCIiIKEHHSIX
(monmaTkoBuMii paiin 5). SIKicTh 1OKa3iB iHIIIOTO JOCTIHKEHHS
OyJ1a MOMIpHOIO Yepe3 IMOMIpHUI PU3KK YIIEPEIKeHOCTI i
Cepiio3HYy HETOUHICTH [63]. 3 omisiny Ha HEBEJIMKY KiJIBKICTh
crareii (n < 10) yrepemkeHicTh myOJIiKallil B IIbOMY CUCTe-
MaTUYHOMY OTJISIZI He MocimkyBanacs [25, 64].
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lpeHTn-
chikauis

3anucu, ineHTudikoBaHi B MpoLeci NoLLyKy

B 6a3ax gaHux:

Cochrane (n

=52),

Embase (n = 538),
MEDLINE (n = 193),
PubMed (n = 545),
Web of Science (n = 202)

CKpPWHiHr

Y

[MpoaHanizoBaHi Ha3BK cTaTen i pestome

(n = 1068)

Bupaneri gy6nikatu (n = 462)

Y

3BiTY, BigibpaHi 3a BKa3aHMMN KpUTepiamm
(n=37)

Y

3anwcu, wo 6ynu Buknto4eHi (n = 1031)
He nigxoauTb nonynsauis OOCnigpKeHHs (n = 442)
He nigxoauTb nikyBaHHs (n = 171)
He nioxopsTb pesynstatu (n = 144)
He nigxoauTb TN gocnigxeHHs (n = 231)
HocnigxeHHs Ha TBapuHax (n = 9)
He aHrniicbkoto MoBoto (N = 7)
BigcyTHs koHTponbHa rpyna (n = 27)

Y

BknioyeHo

HocnigXeHHs, BKMoYeHi B ornag, (n = 4)
3BiTV BKIIOYEHMX JOChigXeHb (n = 7)

Y

3BiTK, Wwo 6ynu Buknto4eHi (n = 30)
He nigxoauTb nonynsauis gocnigkeHHs (n = 10)
He nigxoamnTb nikysaHHs (n = 15)
He nigxopgatb pesynetatu (n = 2)
He nigxoguTb Tun ctarTi (n = 2)
BigcyTHsa koHTponbHa rpyna (n = 1)

PucyHok 1. bnok-cxema PRISMA

Tabnuysi 1. XapakTepucTukun [OCIIigXEeHHs1, BKITIOYHO i3 cepefHbO0 03010 JIEBOTUPOKCUHY (nr/aeHsb)
i cepepHimM piBHeM TUpPeOoTPONHOro ropmMory (MmnOa/n)

CepepHiii piBeHb
. . N N . . Cepepns
Mepwmii o [n3aiii N Bik Xinkn TTI (Mn0g/n)
; Kpaina h (rpyna  |(koHTpONbHA . o nosalT4
aBTop, pik aocnipxeHds | (ycboro) ’ yyacHukiB | (%) Ha noyatky
nikyBaHHs) |  rpyna) (nr/pexnb) (3 LT4, 6e3 LT4)
Petpo- }
ég?grfgg] [anis croktuenAl | 12212 | 2483 9729 | >65pokis | 79.8 | 80 6,9°
JaHnx
‘233389[%1] Wieiiuapist PKA 185 96 89 > 65 pokis | 47,0 50 6,26; 6,47
Gonzalez
Rodriguez, LLIBenuapis PKO 196 100 96 > 65 pokis | 45,4 50 6,3; 6,5
2020 [12]
3BefeHi
Hinepnanau, peaynbratu
Mooiiaart LLBenuapis, [BOX PaH0- 251 112 139
2019][63]’ Ipnanpis mizoBaHux | (N1 =146, | (N1=60, | (N1=286, | >80pokis | 47,0 50 6,4;6,3
i Benuka KOHTponbo- | N2 =105) | N2=52) N2 = 53)
bpuTaHis BaHWX Jocni-
IKEHb
_ Petpo- )
[RGaOZ]‘”' 2012 Bimﬁ?ﬂ ekt | 1642 819 823 | >70pokis | 80,1 75 6,77: 6,32
JaHnxX
Higepnangu,
LLBenuapis,
[Sgg? 20071 " onanis PKI| 737 368 369 | >65pokis | 53,7 50 6,41: 6,38
i Benuka
Bpuranis
3BefeHi
Hinepnanau, pesynbratu
Ziilstra LLBenuapis, [BOX PaH0- 842 420 422
2821 [ég] Ipnangis misoBaHux | (N1=737, | (N1=2368, | (N1=369, | >65pokis | 53,2 50 6,5; 6,4
i Benuka KOHTponbo- | N2=105) | N2=52) N2 = 53)
bpuTanis BaHMX AOCNi-
IDKEHb

lMpumitka:* — Ha ocHoBI Bciei nonynsayii (18 pokis i ctapLui); ® — cepepHivi piBeHb Ha OCHOBI 3arasibHOI nonynsayii
(18 pokis i cTapLui).
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MeTtaaHaAi3

11 oTpuMaHHS NTEPBUHHUX PE3yJbTaTiB 0yJ10
npoBeaeHo MeTaaHati3. [lomaHo 3BeaeHMIA TTOKa3-
HUK HR i3 90THpBHOX DOCITiMKEeHDb, cepel SIKUX B
ogHoMy Oyio po3paxoBaHo nBa HR mist nBox pi3-
HUX pe3yibraTiB. 3BeaeHui mokasHuk HR He mipo-
JIEMOHCTPYBAB 3B’SI3Ky MiXX BUKOpUCTaHHSM [T4
i ceplieBO-CyIMHHUMHU HacaigkaMu y 3668 yuac-
HUKIB, cTapiux 3a 65 pokis, i3 CI' (3Bemennit HR
0,86; 95% M1 0,73—1,02) (puc. 2). Mix 1ictbma
CTaTTSAMM, y SIKMX OMUCAHO JOCJIIKEHHSI CTaHY
CepLIEeBO-CyAMHHOI CUCTEMU, HE BUSIBIEHO XKOIHOI
rereporerHocti (I> =0 %).

Yepe3 30ir nocimKeHb 0yJI0 MPOBENEHO IPYTUii
aHai3. BiH Bk/I104YaB JaHi 3 OHOTO AOCIiIKEHHS
0a3u TaHUX i OJHOTO 00’€MHAHOTO AOCIIIKEHHS,
y SIKOMY TTOBiZOMJISLIIOCSI TIPO pe3ybTaTu Bcix 737
yuacHukiB gociimkeHHss TRUST i 105 yyacHukiB
nochimxkeHHs IEMO 80+, 111006 BUKJIIOUMTH AaHi
YYacHUKIB, sKi 36iratoTbcs [60, 62]. Lleit anami3
2484 yyacHMKIB HE BUSIBUB 3B’SI3KY MixX BUKOPHC-
Ta"HHsIM LT4 i cepueBo-cyIMHHUMU HaCIigKaMu
(cykymaumit HR 0,89; 95% M1 0,71—1,12) (puc. 3).
Mix nBoma cTaTTsIMM He OYyJ10 HEOTHOPiIHOCTI
(*=0%).

MeraaHaniz BTOpUHHUX pe3yJabTaTiB He Mpo-
BOJIMBCSI, OCKIJILKM BCi TP CTATTi, SIKi OLIHIOBAIU
pesyabratu pociigxeHHss TRUST, Bukopucrto-
ByBaJx gaHi moBHoro gociimkeHHs TRUST i
JIBOX MiIAOCTIIKEHb, OTPUMAHUX 3 TOCIiI>KeHHS
TRUST.

bes LT4
147

(neTanbHi
Ta HeJeTabHi)

Bunapku cepueBo-
LT4
145

CYANHHUX 3aXBOPHOBaHb,

)
bes LT4

IPYUMU IHTEepBanamu

Bunapku ilwemivyHoi
(neTanbHi

W HenetanbHI
LT
104 |

HR (95% [1I)

0,99 (0,59-1,33)
|
|

XBOpOOM cepus

228

IRR (95% JI)

bes LT4
1,07 (0,77-1,49)
|
|
|

miokappa

Bunapgku inchapkty
LT4
41

be3 LT4
579
0
1
70
1

Bunapku
cepuLeBo-CyAMHHOI
CMepTHOCTI

LT
100
2
0
56
2

)
be3 LT4
25

W HeneTanbHi
HR (95% LI)
0,61 (0,24-1,50)
HR (95% A1)

O6roBopeHHs
FOAOBHI 3HOXIAKM

JaHi moao BIIMBY npusHadyeHHs1 T4 Ha ctaH
CepleBO-CYANMHHOI CUCTEMH i KiCTOK B OCi0 BiKOM
TToHa 65 POKiB 3aJTUIIAIOTHCS] HETTEPEKOHINBUMU.
IcHye Mana KiJIbKiCTh HOCTIIXKEeHb III0I0 CTaHY 310~
POB’S KiCTOK i CeplIeBO-CyIMHHUX HACIIIKiB B 0Ci0
JiTHBOTO BiKy i3 CI, IKMM NpU3HAYE€HO JIiIKyBaH-
Ha LT4. 3oxkpema, He OyJ10 3HaIEHO JOCTIIKEHbD,
MpoBeIeHNX B 0cib Bix 50 mo 65 pokiB. MeTtaaHati3
He MOKa3aB 3B 53Ky MiX HECIPUSITINBUMU CEpP-
LIEBO-CYIMHHUMM HaCJiIKaMU i1 BAKOPUCTAaHHSIM
LT4 B oci6, crapmux 3a 65 pokiB, i3 CI' i BusBuB
MpOTaJInHY B JliTepaTypi 1ono BrimBy L'T4 Ha cep-
LIEBO-CYIMHHY 1 KiCTKOBY CUCTEMMU B OCiO BiKOM Bil
50 po 65 pokis i3 CI.

18
0,89 (0,47-1,69)
19 |
HR (95% [I)
0,74 (0,41-1,35)

nopjin (neTanbHi

CepLEBO-CYAUHHUX
LT4
7
7

3aranbHa KinbKictb

, apTepianbHuil TUCK, CTaTyC

, CTaTb, iHAEKC Macw Tifna, 3aranbHuii XonecTepuH, piBeHb TMPEO-
6eT

KopurysanHs mopgeni
TPOMHOIO rOPMOHY, LYKPOBWIA flia

He npoBoaMnocs KOpUryBaHHs
He npoBoamnnocs KopuryBaHHs

CWABHIi CTOPOHU TO OOMEKEHHS

Ha ganmnit MOMEHT 1le HallOiNbIIUI CUCTE-
MaTUYHUI orysaa i MetaaHaiz. OCHOBHUM 00-
MEXEHHSIM 1IbOTO CUCTEMAaTUYHOIO OIJIsITy OyJia
BiZICYTHICTb BiAITIOBIAHUX AOCTiIXEHb 3 BEIMKUMU
po3MipaMu BUOIpKH i JOCTAaTHHOIO MOTYXKHICTIO,
30KpeMa 1100 CTaHy 310poB’s KicTok. Iix yac
po0OTU HAI LIKMM OIJSAOM HE BOAJIOCS 3HAUTU
JKOJHOI CTaTTi PO AOCiIKeHHs 0ci0 BikoM Big 50
110 65 pOKiB, OKPIM TiTBKM OTHI€T CTATTi MPO OCiO
3 ocTeonopo3oM. Jluiie nBa HOCTiIXKEeHHS Mau

KpaiHa, ctaTb i noyarkosa fosa LT4
KpaiHa, cTaTb i no4aTkoBa go3a LT4
KpaiHa, cTaTh i no4aTkoBa fo03a LT4

3 Heob6po6ieHumMn gaHumu, koegpiyientamm pusunky (HR), KkoegpiyieHTammn 4actoTu 3axsoproBaHocTi (IRR) i 95% fos

KYPIHHSA | NOKA3HWKI 3a LLKAOo CoLianbHO-eKOHOMIYHOI aenpuBaLii

Bik

Ta6nunys 2. NopiBHSAHHSI MOKa3HUKIB CTaHy cepLeBO-CYAUHHOI CUCTEMU MidXK NaLlieHTamMmu, IKUM rpu3HaYvanu i He NPU3Ha4vanu J1eBOTUPOKCUH, BKITOYHO

Mepunit
aBTop, piK
Andersen,
2015 [58]
Gencer,
2020 [61]
Moojjaart,
2019 [63]
Razvi,
2012 [60]
Stott,
2017 [62]
Zijlstra,
2021 [59]

N
w
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Ta6nmys 3. MopiBHSAHHSI MOKa3HUKIB 3[40POB’s1 KICTOK MiX nayieHTamu, SKUM rnpu3Havanm
i He Npu3Ha4vanu 1eBOTUPOKCUH, BKJIIOYHO 3 HEO6PO6IeHUMUN fAaHuMu, koedpiyieHtammn pusuky (HR),
OLjiHeHO0 pi3HULieto pU3UKIB i 95% [oBip4YnMy iHTepBanamm

3aranbHi pesynbtatu

- Mepenomu Ocreonopo3
Nepuunit aBTop, pik Kopurysanus mopeni L{0/i0 3A0POB 1 KICTOK i b
LT4 be3 LT4 LT4 bes LT4 LT4 bes LT4
Gonzalez Rodriguez,
2020 [12] He npoBoamnnocs KopurysaHHs - - - 3 - -
- — 4 5 - -

Moojjaart, 2019 [63] | He npoBoAunoCs KOpUryBaHHs

OuiHeHa pi3HULS pU3NKiB
(95% [Jl) 0,00 (-0,04-0,03)

i i 12
Stott, 2017 [62] KpaiHa, cTaTh i no4aTkoBa f03a

12 9 | 8 3 4

LT4 -

HR (95% Al) 1,06 (0,41-2,76) -

Mepioj crnocTepekeHHs MoHan 3 poKu, 10 0OMEXYBaIo
OLIIHKY JOBroctpokoBux edexriB LT4. biapuricts goci-
JIKEHb, BKJIIFOUEHMX JI0 OTJISIIY, MaJIM HEBEJIUKY KiJIbKiCTh
y4aCHUKIB a00 HU3bKHUI piBeHb 3aJlydyeHHs, SIK Mpojie-
moHcTtpoBaHo B PKJ] TRUST [62]. Kpim Toro, 11eit cucre-
MaTUYHMI OTJisia OYB OOMEXEeHU HEBEJIMKOIO KiJIbKiCTIO

Mooijaart 2019 —_— 0.61[0.40; 0.94]
Razvi 2012 (IHD) - 0.99[0.91; 1.08]
Razvi 2012 (CD) —_— 0.81[0.51; 1.30]
Stott 2017 —— 0.89[0.72; 1.10]
Zijlstra 2021 —— 0.74[0.62; 0.89]
RE Model - 0.86 [0.73; 1.02]
0.37 0.61 1 1.65
Observed Outcome

PucyHok 2. Forest-giarpama ycix gocnifxeHb 38’3Ky
npuiiomy 71eBOTUPOKCUHY i3 cepLeBO-CYANHHUMU
eghekTamu B OCib6 i3 CyOKNiHIYHUM rinoTUPeo3om,

rnogaHo cniBBiAHOLUEHHS1 PU3UKIB i 95% foBip4i

iHTepBanu
Razvi 2012 (IHD) - 0.99 [0.91; 1.08]
Razvi 2012 (CD) —_ 0.81[0.51;1.30]
Zijlstra 2021 —— 0.74 [0.62; 0.89]
RE Model ———— 0.89[0.71;1.12]
045 067 11.22
Observed Outcome

PucyHok 3. Forest-giarpama B3aeMOBUKITIOYHNX
AocigXeHb 3B’S13KY MPUITOMY JIEBOTUPOKCUHY
i3 cepLeBo-cyaNHHUMU egheKTamm B OCib
i3 cy6KniHiYHUM rinoTupeo3om, nogaHo
criBBigHOLLEHHSsI pu3nKiB i 95% [oBip4i iHTepBann

BUIAKIiB y BCIX PO3IJISTHYTUX TOCITIIKEHHSIX, 32 BAUHSITKOM
Razvi et al. [60] i Andersen et al. [58], a Takox OyJ10 HEIO-
CTaTHbO BUXiTHUX JaHUX mpo gociimkeHHss IEMO 80+.
Pesynbratu nociimkenHs IEMO 80+ Oynu onpuirogHeHi
B IyOJiKaii, sika MictTuia 00’e€IHaHi pe3yJbTaTh JA0CIi-
mxeHHss TRUST gk o151 y9acHUKIB BiKOM Bim 65 pokiB,
TaxK i I ydacHUKIB BikoMm Binm 80 pokiB. Lle oOMexyBaio
MeTaaHalli3, OCKUJIbKA He MOXHa 0YyJ10 po3paxyBaTu CKO-
PUTOBaHY OLIIHKY pU3MKY OKpeMo 1 gocaimkeHHs IEMO
80+. INpoTe Bci BKIIIOYEHI OOCTIIXKEHHS May ITOMiOHI
pe3yJIbTaTu He3aJIeXXHO BiJ TOro, iHAUBiAyaJbHUMU BOHU
Oy 4M 00’ €MHAHUMM.

MOpPiBHSAHHS 3 AGHUMMU AiTEPATYPU

Y GinbI IMPOKOMY TIEpETiKy JiTepaTypu 3p00JIeHO BU-
CHOBOK, 1110 TAILIIEHTH CEPEIHBOI0 a00 MOJIOIOIO BiKY, SIKUM
npusHaueHo T4, 3 pinem TTT nmonan 10 MMO/n MaoTh
Kpallli ceplLeBo-CyAMHHI pe3ynbrati [65]. Pekomenpariii
3 KJIIHIYHOI MPaKTUKHU IIoao npu3HadyeHHs T4 3amuima-
I0ThCSl HE3MIHHUMU, TOOTO PEKOMEHJIYEThCSI TIPU3HAYATH
LT4 nopocnumM, sxio nBa mokasHuku TTT, Bu3HaudeHi 3
iHTepBaJloM MpUHaMHi 3 Micsiii, oynu rmonan 10 MMO/n
[65]. Hocmimxenus TRUST BUSABMIO TPYIHOILi B IIPOBE-
nenHi PKJI nisg HamaHHST peKOMeHIallill 11oao IIpu3Ha-
yeHHs T4 nng wiei rpynu nauieHTiB. JlomaTkoBi gokasu
MOXJIMBO OTPUMATH, SIKIIIO MIPOBECTU BEJIUKE TOCTiKEHHS
eMnineMionoriyHoi 0a3u JaHUX.

3HOYEHHS AAS KAIHIYHOT NPAKTUKU

JlaHe mochigXXeHHS € HalOinbIIMM CUCTEMaTUYHUM
OIJISIIOM i MeTaaHalli30M Ha ChOTOIHI i1 JEMOHCTPYE Bil-
CYTHICTb Pi3HMUIII 11IOJI0 CTaHY CePLIEBO-CYIMHHOI CUCTEMU
B JroAei moxuiaoro Biky i3 CI' He3ajmexXHo Bim Toro, 4m iMm
npoBoauiocs gikyBaHHs LT4, uu Hi. [laHi, BusiBjiicHi B
LIbOMY CUCTEMAaTUIHOMY OTJISAi I MeTaaHali3i, He MOXYTh
nat Oyab-sIKUX HOBUX PEKOMEHIALIiil 11010 TTpU3HAYeH-
Ha LT4 ocobam, crapiuum 3a 65 pokis, i3 CI. ToroBHOIO
IUIST KITIHIYHOT TTPaKTUKY 3aJIUIIAETHCS HEOOXiTHICTh MpU-
3HaueHHs LT4 nmamientam i3 CI' 3ajeXHO Bia HassBHUX
CUMIITOMIB.

AoAATKOBA iHPopMALList

OH-J1aliH Bepcisi MiCTUTh JOJATKOBI MaTepiaiu i € 10-
CTYITHOIO 3a rocuaaHHaM https://doi. org/10.1186/s13643-
024-02548-7.
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Cardiovascular and bone health outcomes in older people
with subclinical hypothyroidism treated with levothyroxine:
a systematic review and meta-analysis

Abstract. Background. Thyroid dysfunction is common in older
people, with females at higher risk. Evidence suggests that thy-
roid-stimulating hormone (TSH) levels naturally increase with age.
However, as uniform serum TSH reference ranges are applied across
the adult lifespan, subclinical hypothyroidism (SCH) diagnosis is
more likely in older people, with some individuals also being com-
menced treatment with levothyroxine (LT4). It is unclear whether
LT4 treatment in older people with SCH is associated with adverse
cardiovascular or bone health outcomes. Methods A systematic
review and meta-analysis were performed to synthesise previous
studies evaluating cardiovascular and bone health outcomes in older
people with SCH, comparing LT4 treatment with no treatment.
PubMed, Embase, Cochrane Library, MEDLINE, and Web of Sci-
ence databases were searched from inception until March 13, 2023,
and studies that evaluated cardiovascular and bone health events in
people with SCH over 50 years old were selected. Results. Six arti-
cles that recruited 3853 participants were found, ranging from 185

to 1642 participants, with the proportion of females ranging from
45 to 80 %. The paucity of data resulted in analysis for those aged
over 65 years only. Additionally, a study with 12 212 participants
aged 18 years and older was identified; however, only data relevant
to patients aged 65 years and older were considered for inclusion
in the systematic review. Of these 7 studies, 4 assessed cardiovas-
cular outcomes, 1 assessed bone health outcomes, and 2 assessed
both. A meta-analysis of cardiovascular outcomes revealed a pooled
hazard ratio of 0.89 (95% CI 0.71—1.12), indicating no significant
difference in cardiovascular risk between older individuals with SCH
treated with T4 compared to those without treatment. Due to over-
lapping sub-studies, meta-analysis for bone health outcomes was
not possible. Conclusions. This systematic review and meta-analysis
found no significant association between T4 use and cardiovascular
and bone health outcomes in SCH participants over 65 years.
Keywords: subclinical hypothyroidism; thyroid disease; levothy-
roxine; cardiovascular; bone health
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Early diagnosis of mineral and bone disorders
in patients with diabetic kidney disease
on the background of type 2 diabetes

Abstract. Background. Today, diabetes mellitus is an actual problem, characterized by a progressive increase in the
number of patients with a high frequency of complications that require early diagnosis and timely treatment. Diabetic
nephropathy is among the most common microvascular lesions. Patients may have clinical manifestations of diabetic
kidney disease that go beyond the classic symptoms and have extrarenal consequences in the form of bone mineral
disorders. The purpose of the work is to carry out a comprehensive assessment of early markers of kidney damage
and changes in bone disorder indicators in patients with type 2 diabetes and to identify correlations between the studied
parameters. Materials and methods. Eighty patients with type 2 diabetes participated in the study. They were divided
according to the glomerular filtration rate: GFR < 60 mi/min/m? (1* group, n = 26), GFR > 60 mi/min/m? (2" group, n = 54).
Results. Analysis of early markers of kidney damage revealed some significant differences between the groups. Indica-
tors of daily urine albumin-creatinine ratio, serum cystatin C, parathyroid hormone, uric acid, and vitamin D-binding protein
were significantly higher in patients with GFR < 60 mi/min/m?. The average level of vitamin D (250H) in both groups
corresponded to a deficient state, and the 1 group was marked by a statistically significantly lower level compared to
the 2™ group: 12.32 + 4.84 and 16.72 + 5.82 ng/ml, respectively (p = 0.001). In the 1 group, vitamin D deficiency was
observed in 92.3 % of cases, and in the 2 group, in 74.1 % (p = 0.56). According to the correlation analysis, some reliab-
le relationships were found: in the 1 group, there was a negative correlation between GFR and parathyroid hormone
(r=-0.816, p < 0.001). An inverse correlation was revealed between GFR and cystatin C in the 1 (r=-0.862, p < 0.001)
and 2 groups (r =—-0.322, p = 0.18). Among all examined participants, there was a linear negative correlation between
GFR and uric acid (r =—0.452, p < 0.001). Vitamin D (250H) didn’t have a significant relationship with GFR, however, we
found a negative correlation with the daily urine albumin-creatinine ratio (r =—0.253, p = 0.024) and cystatin C (r =—0.303,
p = 0.006), which confirms the role of cholecalciferol in mineral bone disorders in patients with chronic kidney disease.
In our study, an inverse correlation was found between GFR and vitamin D-binding protein in the 1 (r =—-0.436, p = 0.26)
and 2™ group (r =—0.283, p = 0.038), which probably indicates a possible compensatory response of transport protein
to initial mineral bone disorders in patients with diabetic kidney disease. Conclusions. Early detection of bone mineral
disorders in diabetic kidney disease is important to increase the efficiency of managing patients with type 2 diabetes and
timely treatment, prevention of cardiovascular complications and bone metabolism disorders.

Keywords: diabetes mellitus; diabetic kidney disease; chronic kidney disease; vitamin D deficiency; mineral bone
disorders; hyperparathyroidism; albuminuria; vitamin D-binding protein

Intfroduction The highest rate of increase in the prevalence of diabetes

Diabetes mellitus (DM) is an actual problem today, cha-  is expected from 2021 to 2045 in middle-income countries
racterized by a progressive increase in the number of patients ~ (21.1 %) compared to high- (12.2 %) and low-income ones
with a high frequency of complications. According to the  (11.9 %) [1]. DM is a progressive chronic disease that can
International Diabetes Federation forecasts, the number of  cause severe micro- and macrovascular lesions requiring
people with diabetes will increase to 783 million by 2045.  early diagnosis and timely treatment. Such a microvascular
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complication as diabetic nephropathy appears to be the most
common complication of type 2 diabetes (T2DM) and is
associated with the duration of diabetes [2]. Diabetic kid-
ney disease (DKD) is the most common cause of end-stage
renal disease worldwide [3]. Among the nosological forms
of chronic kidney disease (CKD), diabetic lesions take the
first place, and cardiovascular complications are among the
prominent causes of death [4]. Mineral bone and osteoporo-
tic changes in patients of different ages also play a significant
role in CKD [5], so the problem of treatment and prevention
of complications is multidisciplinary.

A possible limitation of current screening methods for
DKD is the non-albuminuric phenotype of diabetic nephro-
pathy, which is becoming increasingly common and has no
specific therapy [6]. Early diagnosis of renal pathological
changes in DM, taking into account various markers of
kidney damage, including some indicators of bone mine-
ral disorders, and timely implementation of renoprotection
measures are extremely relevant.

Impaired secretory function of the kidneys in CKD is
often associated with hyperactivation of the renin-angioten-
sin-aldosterone system, hypertension, hyperkalemia, ane-
mia, and CKD. Bone mineral disorders predict a very high
risk of death, cardiovascular events, and progression of CKD
to end-stage renal disease [7].

Mineral disorders of bone tissue in patients with CKD
(CKD-MBD — chronic kidney disease-mineral and bone
disorder) are caused by numerous biochemical and hor-
monal disorders and are associated with a high risk of bone
fractures, progression of pathological renal changes, cardio-
vascular events, and mortality [8]. The term “CKD-MBD”
summarizes all changes, including the development of osteo-
porosis without primary damage to the parathyroid glands
[9]. Secondary hyperparathyroidism can be a sign of mineral
and bone disorders, bone diseases and vascular calcification.

The role of MBD in patients with CKD is important in
the pathogenesis of cardiovascular diseases. In patients with
CKD-MBD, urinary phosphate excretion decreases and
the concentration of fibroblast growth factor 23 (FGF23)
and parathyroid hormone (PTH) in the blood increases. At
the same time, the serum calcitriol level decreases due to an
increase in FGF23. It has already been proven that increased
levels of PTH and FGF23 cause left ventricular hypertrophy,
arrhythmia, and calcification of the cardiovascular system
[10]. Thus, it is important to carry out therapeutic correction
of CKD-MBD, which will simultaneously contribute to the
prevention of cardiovascular diseases.

The aim of the work: to carry out a comprehensive as-
sessment of early markers of kidney damage and changes in
MBD indicators in patients with type 2 diabetes, as well as to
identify correlations of the studied parameters.

Materials and methods

The research was carried out in the Department of Gene-
ral Endocrine Pathology (Kyiv City Endocrinological Center,
Kyiv). The principles of the Declaration of Helsinki were
followed. All participants signed the appropriate form of in-
formed consent to participate in this study. Inclusion criteria
were patients with a diagnosis of T2DM in a state of subcom-
pensation, whose disease duration was more than 5 years.

Exclusion criteria were age under 18 years, patient re-
fusal, participation in another study, type 1 diabetes, pre-
vious intake of vitamin D preparations, pregnancy, lactation,
diseases such as pyelonephritis in the acute phase, primary
hyperparathyroidism, a history of nephrectomy, cancer, acute
heart failure or acute kidney injury.

Eighty patients with T2DM were included in the study.
The groups were formed according to the level of glomeru-
lar filtration rate (GFR): GFR < 60 ml/min/m? (1 group,
n=26), GFR > 60 ml/min/m? (2" group, n = 54). GFR was
estimated according to the Chronic Kidney Disease Epide-
miology Collaboration equation based on serum creatinine.
Creatinine, uric acid (UA), magnesium were determined
by the colorimetric method. The enzyme-linked immuno-
sorbent assay was used to study serum vitamin D (250H),
vitamin D-binding protein (VDBP), PTH, and cystatin C.
HbA1c was measured by the method of high-performance
liquid chromatography. The albumin-creatinine ratio (ACR)
in daily urine was calculated with the determination of the
level of albuminuria by the immunoturbidimetric method
and creatinine by the colorimetric method.

Statistical data were processed using SPSS software (ver-
sion 23, IBM Corp., Armonk, NY, USA). The normality
of the law of distribution of data of continuous variables
was assessed using the Shapiro-Wilk test. Data were pre-
sented as mean with standard deviation (mean =+ SD) or
median with first and third quartiles (median (Q1-Q3)) and
unpaired t-test or Wilcoxon test were used to study the dif-
ference between group means according to the normality law
distribution. Differences between indicators were considered
significant at p < 0.05.

Results

The characteristics of the examined patients of both
groups are presented in Table 1. The average age of the
patients in the I* group was 66.81 + 8.34 years and in the
2™ — 60.74 £ 10.05 years (p = 0.290). A statistically signi-
ficant difference was found in the duration of DM in the 1*
and 2™ groups, respectively: 12 (10; 20) and 10 (5; 13) years
(p=0.016). The ACR in daily urine was significantly higher
in the 1 group compared to the 2" 5.25 (2.3; 160.7) and
1 (0.6; 2.9) mg/mmol, p < 0.001, which corresponded to
microalbuminuria.

Another sensitive marker for early diagnosis of kidney
lesions, cystatin C, was also significantly different: 0.75 (0.52;
0.99) in the I* group and 0.45 (0.39; 0.52) mg/l in the 2™
(p <0.001).

The median of the main indicator for assessing the
filtration capacity of the kidneys (GFR) in patients from
the 1* group was 48.1 (32.4; 57.2), which statistically
significantly differed from the 2™ group — 83.45 (72.4;
92.7) ml/min/m? (p < 0.001). The median of vitamin D
in both groups corresponded to a deficient state (using
the classification according to the recommendations of
the of Ukrainian experts on the diagnosis, prevention and
treatment of vitamin D deficiency in adults) [11], and
the 1* group was characterized by a statistically signifi-
cantly lower level of vitamin D (250H) compared to the
2" group (12.32 = 4.84 and 16.72 + 5.82 ng/ml, respec-
tively; p = 0.001). In the 1* group, vitamin D (250H) defi-
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Table 1. Characteristics of the examined patients with type 2 diabetes

Indicators GFR < 60 (n = 26) GFR > 60 (n = 54) o]

Age (years), average 66.81 + 8.34 60.74 = 10.05 0.290
Duration of diabetes (years), median 12 (10; 20) 10 (5; 13) 0.016
BMI (kg/m?), average 30.960 + 4.546 31.62 £ 6.00 0.618
GFR (ml/min/m?), median 48.1 (32.4; 57.2) 83.45 (72.4; 92.7) < 0.001
Vitamin D (250H) (ng/ml), average 12.32 + 4.84 16.72 £ 5.82 0.001

PTH (pg/ml), median 78.68 (53.12; 133.67) 52.54 (42.44; 72.31) 0.008
Cystatin C (mg/l), median 0.75 (0.52; 0.99) 0.45 (0.39; 0.52) < 0.001
Serum VDBP (ng/ml), median 125.82 (99.27; 168.8) 101.07 (75.34; 131.18) 0.028
UA (umol/l), median 424.3 (369.7; 473.5) 316.85 (271.4; 357) < 0.001
ACR daily urine (mg/mmol), median 5.25 (2.3; 160.7) 1(0.6;2.9) < 0.001
HbA1c (%), average 8.76 £ 2.11 9.17 £ 2.17 0.426
Magnesium (mmol/l), median 0.76 (0.73; 0.81) 0.78 (0.75; 0.83) 0.191

ciency was observed in 92.3 % of cases (n = 24), and in the
2™ group — in 74.1 % (n = 40), p = 0.56.

When assessing the level of PTH, the median values were
significantly higher in patients with GFR < 60 ml/min/m?*
78.68 (53.12; 133.67) than in persons with preserved renal
filtration capacity: 52.54 (42.44; 72.31) pg/ml, p = 0.008,
which confirms hyperactivity of parathyroid tissue in renal
failure.

The median of UA in the blood corresponded to hyper-
uricemia in the group of patients with GFR < 60 ml/min/m?
424.3 (369.7; 473.5) in contrast to the group with GFR
> 60 ml/min/m?* 316.85 (271.4; 357) umol/1, p < 0.001. No
statistical difference was found in HbAlc, however, lower
glycemia was observed in patients from the 1* group, proba-
bly due to lower insulinase activity in severe kidney damage,
which affects the improvement of carbohydrate metabo-
lism and may even provoke the risk of hypoglycemia. The
median magnesium levels in both groups corresponded to
the reference values, but in patients from the 2™ group they
were higher (0.76 (0.73; 0.81) and 0.78 (0.75, 0.83) mmol/I,
p = 0.191). As it is already known, hypomagnesemia in-
creases insulin resistance by suppressing the translocation of
glucose transporter type 4, which contributes to the initiation
and progression of diabetes, and the development of mac-
ro- and microvascular complications, in particular diabetic
nephropathy [12].

400 A
° r=-0.816; p < 0.001
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Figure 1. Correlation between GFR and PTH
in patients with GFR < 60 ml/min/m?

We conducted a correlation analysis that demonstrated
some statistically significant relationships. Thus, in patients
from the 1* group, the correlation analysis showed a negative
relationship between GFR and PTH (r=—0.816, p < 0.001)
(Fig. 1); in the 2™ group, no connection between these indi-
cators was found.

A negative correlation was found between GFR and
cystatin C in the I* (r = —0.862, p < 0.001) and 2™ groups
(r=-0.322, p=0.18) (Fig. 2A, 2B), which indicates a hig-
her sensitivity of the serum marker cystatin C with a signifi-
cant decrease in GFR. GFR and the level of UA had no
correlation in separate groups — a linear negative correlation
was found among all the examined (r = —0.452, p < 0.001)
(Fig. 3C). In our study, vitamin D was not significantly as-
sociated with GFR, but since it is considered an indicator
of MBD in patients with CKD, we further investigated its
association with other early markers of renal damage in DM.
A negative correlation was found in both groups between the
levels of vitamin D and cystatin C (r = —0.303, p = 0.006)
and daily urinary ACR (r = —0.253, p = 0.024) (Fig. 3A, 3B).

Researchers report that the level of fibroblast growth fac-
tor increases with DKD and the biosynthesis of 1,25(OH),D,
is actively inhibited [13]. In the pathogenesis of diabetic ne-
phropathy, the filtration of albumins and the loss of VDBP
with urine increase [14]. When analyzing the results, an in-
verse correlation was found between GFR and VDBP in the
I (r=-0.436, p = 0.26) and in the 2™ groups (r = —0.283,
p = 0.038) (Fig. 2C, 2D), which may indicate a possible
compensatory reaction of the transport protein in response
to the initial violations of MBD in patients with diabetic
kidney damage.

Discussion

The problem of high mortality due to complications of
DM is a challenge for the healthcare systems of all countries,
regardless of socioeconomic level. Timely diagnosis and ef-
fective treatment of kidney damage in a patient with diabe-
tes require a multidisciplinary approach in order to prevent
complications. Therefore, identifying early markers of kidney
damage is an important task the doctor faces. The index of
albuminuria and ACR are the KDIGO 2023 recommended

30 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 4, 2024



OpuriHaAbHI AoocAipXeHHs / Original Researches

GFR < 60 GFR > 60
2.5 0.8 7
r=-0.862; p <0.001 ®  r=-0.322;p=0.018
< 2.0- . =
()] (o]
€ € 0.6
g 157 %)
£ £
S 1.01 S
2 2 047
S 454 (&)
00 T T T 1 02 T T T T 1
0 20 40 60 80 40 60 80 100 120 140
ﬂ GFR, ml/min/m? B GFR, ml/min/m?
GFR < 60 GFR > 60
600 600 -
° r=-0.436; p = 0.026 r=-0.283; p = 0.038
E 400- : € 400-
()] [o]
c c
o o ¢
8 a
S 200 S 200 -
0 T T T 1 0 T T T T 1
0 20 40 60 80 40 60 80 100 120 140
GFR, ml/min/m? B GFR, ml/min/m?
Figure 2. Correlations of GFR with cystatin C and VDBP in both groups
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Figure 3. Correlations of vitamin D (250H), ACR, UA, and cystatin C in both groups regardless of GFR

parameters for the verification of kidney damage, assessing
the severity of proteinuria, effectiveness of treatment, and
stratification of the risk of mortality [15]. We conducted a
comprehensive assessment of possible early markers of kid-
ney damage in patients with T2DM, namely indicators of
ACR, cystatin C, VDBP, and UA. It should be noted that
the loss of albumin with urine was significantly higher in the
1*t group compared to the 2™, according to ACR (Table 1).
KDIGO 2022 [15] guidelines on the management of a
patient with CKD recommended to determine the level of
cystatin C for calculating GFR as a sensitive and accurate
marker. According to the results of the study, it is noted that
cystatin C was significantly higher in the 1% group than in the
2" one. Cystatin C is also reported to be a better estimate
of true kidney function, as it excludes muscle loss due to
long-term critical illness [16]. The assessment of mineral
and bone metabolism was based on the analysis of vitamin D
(250H), PTH, and VDBP levels. Today, vitamin D (250H)

is considered not only a marker for the regulation of calci-
um-phosphorus metabolism but also as a prohormone that
participates in many biological processes. It is also known as
a separate component of the multifactorial development of
insulin resistance [17].

The results of the examination show that the level of
25(OH)D in both groups corresponded to the indicators
of a deficient state regardless of the level of GFR. However,
with the loss of renal functions, the deficiency state was more
pronounced — the 1% group was marked by a statistically
significantly lower level of 25(OH)D compared to the 2™
group. The development of secondary hyperparathyroidism
is inherent in a decrease in GFR, a tendency which was no-
ted in patients of the 1% group (GFR < 60 ml/min/m?) with
median PTH of 78.68 (53.12; 133.67) pg/ml. It is already
known that hyperphosphatemia, hypocalcemia, D-hypovi-
taminosis stimulate the synthesis and secretion of PTH, as
well as the proliferation of cells of the parathyroid glands. At
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first, the parathyroid tissue grows diffusely, then its nodular
growth spreads during the progression of kidney disease,
which causes a lower sensitivity of the parathyroid glands
to inhibition of PTH synthesis [18]. Vitamin D binds to its
transport carrier VDBP, which is filtered through the glome-
ruli of the kidneys and absorbed by the receptor in the proxi-
mal tubules. We investigated the level of VDBP in blood
serum, which had a significant inverse correlation with GFR
in all patients, with a stronger correlation in the 1 group. It
has already been proven that patients with type 2 diabetes and
CKD had a higher aldosterone level, which was accompanied
by a higher frequency of hypertension and albuminuria/
proteinuria [19]. Despite the sufficient delivery of substrates
to the proximal tubules of the kidneys, since higher levels
of serum VDBP were observed in the 1% group, albuminuria
progressed along with a decrease in vitamin D. Considering
modern views on VDBP and MBD parameters as markers of
early kidney damage, further studies are needed to estimate
the effect of renin-angiotensin-aldosterone system blockers
on urinary albumin filtration, including VDBP.

Conclusions

Early diagnosis of kidney damage and bone metabolism
disorders in patients with type 2 diabetes has extremely im-
portant prognostic value, and parameters of MBD such as
levels of PTH, vitamin D (250H), VDBP, along with ACR
and cystatin C, can be considered early markers of damage
in CKD.

The study showed that the level of vitamin D (250H)
in both groups corresponded to the indicators of a de-
ficient state, and it was statistically significantly lower in
the group with GFR < 60 ml/min/m? than in patients with
GFR > 60 ml/min/m? (12.32 £ 4.84 and 16.72 £ 5.82 ng/ml,
p=0.001).

Patients with GFR < 60 ml/min/m? and type 2 diabetes
have a high risk of developing secondary hyperparathyroi-
dism, in contrast to individuals with preserved renal filtration
capacity.
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PAHH$ AiQrHOCTUKA MiIHEPAABHUX | KICTKOBUX PO3ACAIB
Y NAUieHTIB i3 Ai6ETUYHOIO XBOPOOOKO HUPOK
HQA TAi LYKPOBOro Aia6eTty 2-ro tuny

Pesiome. Akmyaavnicme. Llykposuii 1iaGet € akTyabHOIO IIpo0IIe-
MOIO ChOTOZIEHHS, SIKa XapaKTePU3YEThCSI MPOTPECYIOYUM 3pOCTaH -
HSIM KiJTbKOCTI TIALIIEHTIB i3 BUCOKOIO YAaCTOTOIO YCKJIAIHEHb, 110
MOTpeOYIOTh PAaHHbOI AiarHOCTUKM Ta CBOEYACHUX JIIKYBAITbHUX
3axomiB. OMHUM i3 HANMOIIMPEHIIINX MiKPOCYIMHHUX YpaXXeHb €
niaberuuHa HedpornaTis. [allieHTn MOXyTh MaTH KJIiHIUHI TPOSIBU
NiabeTUYHO1 XBOPOOU HUPOK, SIKi BUXOMSITh 32 MEXi KIaCUUHUX
CHUMIITOMIB i MalOTh €KCTpapeHaIbHi HACTIIKY Y BUIJISII MiHepa-
JIO-KIiCTKOBUX po3naniB. Mema po6omu: IpoBeCTU KOMILJICKCHY
OILIIHKY paHHIX MapKepiB ypaxkeHHsI HUPOK i 3MiH ITOKa3HUKIB
MiHepajbHOI IIiIIbHOCTI KiCTKOBOI TKAHWHU B IMALiEHTIB i3 11y~
KPOBUM JiabeTOM 2-TO TUITY, @ TAKOX BUSBUTHU B3a€EMO3B’SI3KU
TMOCTIIKyBaHUX TlapaMeTpiB. Mamepiaau ma memodu. Y nocii-
JKeHHI B3siM yyacTh 80 MallieHTiB i3 LyKpOBUM AiabeToM 2-TO
TUITY, SIKi OYJIM PO3MOIiJIeH] 3a PiBHEM IIBUAKOCTI KITyOOUYKOBOT
dinprpauii: pLLHK® < 60 mi1/x8/M? (niepiia rpyma, n = 26), pLLIK®
> 60 mu1/xB/M? (1pyra rpyna, n = 54). Pezyabmamu. AHaji3 paHHix
MapKepiB ypaxkeHHsI HUPOK B 00CTEXXEHMX TpyIlax BUSBUB JIEsKi
CYTTE€BI BinMiHHOCTI. [ToKa3HUKM CIiBBiZHOIIIEHHS aJIbOYMiHY
Ta KpeaTuHiHy B 1000Biil cedi, cupoBaTKoBoro uucraruny C, na-
paTrOpMOHY, CeYOBOi KUCIOTH, BiTaMiH-D-3B’s13yt0uoro 6iika
Oy BiporigHo BUIIMMU B natieHTiB i3 pLLIK® < 60 mui/xB/M2.
CepemHiii ymicT BitamiHy D B 000X rpynax Bianoinas nedinur-
HOMY CTaHy, IPUYOMY Tieplia rpyrna Bia3Havyauacs CTAaTUCTUYHO
BipOTiTHO HUXXYUM PiBHEM TOPIBHSIHO 3 npyroio — 12,32 + 4,84
Ta 16,72 + 5,82 ur/mia BignosigHo (p = 0,001). Y nepuiii rpymi
neditut Bitaminy D crioctepirasest B 92,3 % Bunajkis, y Apyriidi —
y 74,1 % (p = 0,56). I1pu KopessLiiHOMY aHai3i 3HaiAeHi AesKi

BipOTiJHi 3B’S13KM: Y TIepLIiil TpyIi — HeraTuBHA KOpPEJsiilis MixX
plIK® rta ITT (r = —0,816, p < 0,001). CrioctepiraBcst o6ep-
HeHwMii 38’130K MixX pLLIK® Tta rucratunom Cy 1-ii (r = —0,862,
p <0,001) Ta 2-it rpynax (r = —0,322, p =0,18). Cepen ycix oocTe-
XKEHMX YYACHUKIB BUSIBJIICHO JIiHiiIHY HETaTUBHY KOPEJSIIil0 MixX
pLLIK® Ta piBHem ceuoBoi kucnotu (r = —0,452; p < 0,001). Bira-
MiH D He maB BiporigHoro 38’s3ky 3 pLIIK®, nmpore Mmu 3Haium
HETaTMBHY KOPEJISLI0 3i CITiBBIIHOIICHHSIM albOyMiHy i Kpea-
TUHiHY B 1000Bi# ceui (r = —0,253, p = 0,024) Ta uucraruom C
(r=-0,303, p=0,006), 1110 TiATBEPIKYE POJIb XOJIEKATbLINDEPOTY
B IMOPYILIEHHI MiHEPaJIbHOI IIiJILHOCTI KICTKOBOI TKAHWMHMU B Malli-
€HTIB i3 AiaOeTUYHOIO0 XBOPOOOIO HUPOK. Y HAIIOMY AOCTiMIKEHHI
BUSIBJICHO 3BOPOTHY Kopesiito Mixx pIIIK® ta Biramin-D-38’g-
3y10unM OiiKoM y niepiiii (r = —0,436, p = 0,26) Ta apyriit rpymi
(r=-0,283, p=10,038), 1110, iIMOBipHO, BKa3y€e Ha MOXJIUBY KOM-
MEHCATOPHY PeaKllilo TPAaHCIIOPTHOTO OiJIKa Ha MOYaTKOBI MiHepa-
JIO-KiCTKOBI MTOPYILIEHHS B MALIEHTIB i3 1iaOETUYHUM ypaXkeHHSIM
HUPOK. Bucnoexu. PaHHe BUSIBIEHHSI MiHEpaJIbHUX 1 KiCTKOBUX
pOo3NafiB mpu AiabeTUUHi XBOPOOi HUPOK € BaXKJIMBUM ILIOAO i~
BUIIIEHHS e(DEKTUBHOCTI BEIEHHSI MALIIEHTIB i3 IlyKPOBUM IiabeTOM
2-TO TUITY Ta CBOEYACHOTO JIIKyBaHHS, TPOMITAKTUKU YCKIaTHEHD
3 DOKY CeplIeBO-CYIMHHOI CUCTEMU i MOPYIIeHb KiCTKOBOTO Me-
TaboJTi3MY.

KurouoBi ciioBa: mykposuii niaber; miabeTuuyHa XBopoba HU-
POK; XpOHiYHa XBOpoOa HUPOK; nedinut Bitaminy D; MiHepaib-
Hi Ta KiCTKOBi po3Jiaau; TineprnapaTupeos; alboyMiHypisi; BiTa-
MiH-D-3B’s13y10unii 610K
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The relationship of cholecalciferol
and parathyroid hormone
with metabolic disorders in patients
with arterial hypertension

Abstract. Background. Essential hypertension (EH) is a complex, multifactorial and polygenic disease. Despite
effective measures for control and modification of traditional risk factors, a significant amount of risk remains. The
aim of the study was to evaluate changes in clinical parameters and to analyze the relationship of cholecalciferol,
parathyroid hormone with anthropometric, metabolic parameters in patients with EH. Materials and methods. One
hundred subjects with EH and target organ damage (stage 2), moderate, high, very high cardiovascular risk were
enrolled in case-control study. Control group consisted of 60 healthy subjects matched for sex and age. Pearson’s
test was used to determine the relationship between parameters in case of categorical variables; analysis of variance
(ANOVA) when one of the variables is categorical and the other is numerical (interval); non-parametric Kruskal-Wal-
lis test in case of abnormal array distribution. Results. Development and course of EH is characterized by clinical,
hemodynamic, metabolic abnormalities that are nonlinearly exacerbated with the severity of hypertension. Correla-
tion analysis showed a direct relationship between body weight and waist-to-hip ratio (r = 0.76—-0.88; p < 0.001);
systolic blood pressure is moderately directly correlated with waist circumference (WC) (r = 0.38; p < 0.05); total
cholesterol is strongly associated with low-density lipoprotein cholesterol (r = 0.93; p < 0.001), high-density lipopro-
tein cholesterol (HDL-C) is inversely associated with WC (r = —0.40; p < 0.05) and triacyiglycerol levels (r = -0.41;
p < 0.001), and cholecalciferol concentration is negatively marginally associated with body mass index, waist-to-hip
ratio (r = —0.41/-0.38; p < 0.05). ANOVA confirmed that plasma cholecalciferol was associated with body weight
(F=6.48; p=0.013), height (F =4.33; p = 0.04), WC (x* = 15.93; p < 0.001), blood glucose (x* = 10.66; p = 0.001)
and HDL-C (F = 6.53; p = 0.012). Reliable relationship between parathyroid hormone and waist-to-hip ratio was found
(X’ = 6.86; p = 0.032). Conclusions. In EH patients, plasma cholecalciferol significantly correlates with body weight,
height, WC, glucose level, HDL-C. Parathyroid hormone has a significant and direct relationship with waist-to-hip ratio.
Keywords: essential hypertension; cholecalciferol; parathyroid hormone; metabolic parameters; relationship

Introduction

Hypertension, also known as high blood pressure (BP),
despite the current differences in diagnostic criteria for hy-
pertension worldwide, is still a severe disease that increases
the risk of hemorrhagic stroke, ischemic stroke, myocar-
dial infarction, sudden death, heart failure, etc., and even
cognitive decline and dementia [1]. According to the World
Health Organization, hypertension is the leading cause of
premature death worldwide, and an estimated 1.28 billion

adults aged 30—79 years have hypertension, with the ma-
jority (two-thirds) living in low- and middle-income coun-
tries [2]. Meanwhile, a recent study showed that the number
of adults aged 30—79 with hypertension has increased from
650 million to 1.28 billion in the last 30 years, with more than
700 million of them unaware that they have hypertension [3].

The presence of one or more cardiovascular risk factors
increases the probability of ischemic, cerebrovascular, renal
diseases in patients with hypertension. More than half of hy-
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pertensive patients have additional cardiovascular risk factors.
Assessment of hypertension-mediated organ damage is impor-
tant for risk stratification of patients with hypertension. In this
regard, it is important to consider comorbidities: coronary artery
disease, heart failure (NYHA class IIA to III), stroke, periphe-
ral vascular disease, atrial fibrillation, chronic kidney disease
> 3 stage, etc. [4—6]. In addition to blood pressure, age, sex and
bad habits, there are many poorly studied factors in stratifying
cardiovascular risk (CVR): diabetes, elevated uric acid, dyslipi-
demia, body weight, endogenous dysvitaminosis, leptin-adipo-
cytokine imbalance, endocrine disorders, early menopause and
genetic risk factors, as well as behavioral, psychosocial factors,
unhealthy eating habits that affect the quality of life, the course
of the disease, often associated with its severity.

Therefore, given the high mortality rate from cardiovas-
cular disease (CVD), the disabling effects of hypertensive
damage to target organs, and the social burden on society as a
whole and each family in particular, the purpose of our study
was to evaluate changes in clinical parameters and analyze
the relationship of cholecalciferol, parathyroid hormone with
anthropometric and metabolic parameters in patients with
essential arterial hypertension (EAH) as factors of its adverse
course and possible complications.

Materials and methods

The study was conducted in accordance with the European
Convention on Human Rights and Biomedicine, the concept
of informed patient consent, risk-benefit assessment, the prin-
ciple of confidentiality and respect for the individual patient,
as well as basic clinical and laboratory requirements (GCP,
GLP). The diagnosis of EAH was established according to the

current Ukrainian (Order of 24.05.2012 No. 384) and Euro-
pean (ESC, ESH 2021, 2023) guidelines [1, 7]. After screening
for inclusion and exclusion criteria detailed in our publications
[8—14], 100 subjects (71 % women, 29 % men) with EAH with
hypertension-mediated organ damage (stage 2), moderate,
high or very high CVR formed a research group. The mean
age of the patients was 57.86 £ 7.81 years. The control group
consisted of 60 healthy subjects: 62.5 % women, 37.5 % men,
the mean age was 46.37 + 6.77 years, which did not differ by
sex and age and with a group of patients (p > 0.05).

All recruited patients underwent general clinical exami-
nation (collection of medical history, measurement of heart
rate, systolic and diastolic blood pressure (SBP and DBP));
anthropometric measurement (height, body weight, body
mass index (BMI), hip and waist circumference (HC, WC));
biochemical profile (blood glucose); colorimetric, enzymatic
analysis (lipid profile); potentiometric measurement for elec-
trolytes (ionized calcium), chemiluminescent enzyme im-
munoassay (parathyroid hormone (PTH), cholecalciferol).

The database was created in Microsoft Excel. Statisti-
cal processing was performed using Statistica™ 7.0 (Stat-
Soft® Inc.), Primer of Biostatistics® 6.05 and MS® Excel™
2010. A paired linear Pearson’s coefficient (r) was used to
perform parametric correlation analysis of quantitative cha-
racteristics with a normal distribution. In the absence of a
normal distribution, the non-parametric Spearman’s rank
coefficient (r) was used. To determine the dependencies be-
tween the indicators, we used the Pearson’s test in the case
of categorical (parametric) variables; the ANOVA analy-
sis of variance when one of the variables is categorical and
the other is numerical (interval), with a normal distribution

Table 1. Clinical and metabolic parameters of the subjects, M £ m

Parameters Control Patients o]
SBP, mm Hg 116.70 £ 0.98 155.13 £5.15 < 0.001
DBP, mm Hg 76.25+1.18 93.60 + 3.07 < 0.001
BMI, kg/m? (male) 27.86 + 1.33 30.33 +2.23 > 0.05
BMI, kg/m? (female) 25.40 +1.34 31.27 +1.36 <0.01
WC, cm 89.73 +2.78 102.93 + 2.06 < 0.001
WC/HC, units 0.86 + 0.07 0.91 +0.05 > 0.05
Glucose, mmol/L 5.10£0.15 7.43 = 0.61 < 0.001
ALT, mM/hour/I 0.58 + 0.08 0.56 +0.10 > 0.05
AST, mM/hour/| 0.37 = 0.05 0.37 £ 0.07 > 0.05
Total bilirubin, pM/I 14.20 +1.70 15.01 £ 2.16 > 0.05
Blood creatinine, pmol/I 72.69 = 5.40 74.93 = 2.21 > 0.05
TC, mmol/l 5.55+0.17 5.74 + 0.23 > 0.05
TG, mmol/l 1.68 £+ 0.15 1.96 £ 0.20 > 0.05
HDL-C, mmol/l 1.42 + 0.09 1.27 £ 0.05 <0.05
LDL-C, mmol/l 3.95+0.16 417 £0.21 > 0.05
Al, units 3.18 £ 0.27 3.60 + 0.21 > 0.05
lonized blood Ca?, mmol/l 1.16 + 0.04 1.17 +0.03 > 0.05
Cholecalciferol, ng/ml 24.44 +1.25 22.02+1.16 > 0.05
Parathyroid hormone, pg/ml 56.62 + 3.53 59.80 + 5.42 > 0.05

Notes: ALT — alanine aminotransferase; AST — aspartate aminotransferase; TC — total cholesterol; TG — triacyl-
glycerols; LDL-C — low-density lipoprotein cholesterol; Al — atherogenic index; p — significance of differences

with the control group.
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(normality was checked with the Shapiro-Wilk test); the
non-parametric Kruskal-Wallis test as an alternative to the
one-factor (between-groups) ANOVA analysis of variance
when the distributions in the groups were not normal. Means
were expressed as M + m. Differences were considered sig-
nificant when p < 0.05.

Results

Our data showed that the levels of SBP and DBP in the
patient group significantly exceeded those in the control
group by 32.93 and 22.75 % (p < 0.001) (Table 1). BMI
also predominated in EAH patients, but only in females by
23.11 % (p < 0.01). Waist circumference was 14.71 % higher
in the study group than in controls (p < 0.001), and serum
glucose level was 45.69 % higher (p < 0.001). On the con-
trary, the high-density lipoprotein cholesterol (HDL-C) was
significantly lower by 10.56 % (p < 0.05) compared to the
control group. No statistically significant differences were
found for the remaining indicators.

The clinical and metabolic parameters of the patients
analyzed by us, taking into account the severity of EAH by
the level of blood pressure elevation, are shown in Table 2.
The levels of SBP and DBP in EAH of 2™ and 3™ degrees
exceeded those in EAH of 1*degree by 16.25 and 11.95 %,
respectively (p < 0.001). BMI in males with BP of 2™ and
34 degrees exceeded that in patients with BP of 1* degree
by 22.34 % (p = 0.01) and in the control group by 19.88 %
(p=0.024). SBP and DBP levels in 2™ and 3" degrees EAH
exceeded those in 1* degree EAH by 16.25 and 11.95 %,
respectively (p < 0.001). The BMI of men with BP of 2™ and

3 degrees was 22.34 % higher than that of patients with BP
of 1 degree (p = 0.01) and 19.88 % higher than that of the
control group (p = 0.024). BMI in female patients exceeded
that of healthy subjects regardless of BP level, but BMI did
not have a unidirectional dependence on BP, nor on WC and
HC. The lipid profile and ionized Ca** did not depend on the
BP level. Notably, HDL-C was significantly lower by 14.89 %
(p = 0.048) in patients with EAH with 2™, 3" degrees of BP
elevation compared to controls.

We found that increased blood pressure was associated
with a decrease in blood cholecalciferol and an increase in
PTH concentration, but only in patients with 2™, 3 degrees
of BP elevation. In addition, the blood cholecalciferol level
was 16.39 % lower in patients with 2", 3 degrees of BP ele-
vation than in controls (p = 0.012).

The correlation matrix (R) of some anthropometric, he-
modynamic, and metabolic parameters is shown in Table 3.
To perform a parametric correlation analysis of quantitative
characteristics with a normal distribution, we used a paired
linear Pearson’s coefficient (r). In the absence of a normal
distribution, the nonparametric Spearman’s rank coefficient
(r) was used. A direct close relationship of body weight and
BMI with WC and HC (r = 0.76—0.88; p < 0.001), as well
as between WC and HC in the examined women (r = 0.74;
p < 0.001) was established. It was found that SBP was mo-
derately directly related to WC (r = 0.38; p < 0.05), and HDL
cholesterol was inversely correlated with WC (r = —0.40;
p < 0.05), as well as cholecalciferol concentration had
a LDL-C negative association with BMI, WC and HC
(r=-0.41/-0.38; p < 0.05), respectively.

Table 2. Clinical and metabolic parameters of patients considering severity of essential arterial hypertension,

M+m
B Patients with EAH with | Patients with 1= degree Patients with 2", 3~
high normal BP of BP elevation degrees of BP elevation
145.32 + 0.95 168.94 + 1.20
SBP, mm Hg 130.00 + 1.44 b < 0.001 b, p, < 0.001
90.16 + 0.63 100.93 £ 1.18
DBP, mm Hg 84.44 £1.76 p=0.012 b, p, < 0.001
BMI, kg/m? (male) 32.40 + 3.64 27.30 + 0.85 33549 oo
,=0.
30.80 + 1.19
BMI, kg/m? (female) 35.10 = 1.83 D =0.047 31.70+1.25
97.60 + 1.87 106.00 + 2.52
WC, cm 105.90 + 3.26 p = 0.04 b, = 0.009
108.30 + 1.70 113.70 £ 2.00
HC, cm 116.70 + 3.87 b = 0.053 b, = 0.045
Glucose, mmol/L 7.30 + 0.71 6.72 + 0.51 7.63 + 0.62
TC, mmol/l 5.90 + 0.52 5.60 + 0.21 5.80 + 0.24
TG, mmol/l 1.90 £ 0.25 1.83+0.19 2.19+0.19
HDL-C, mmol/I 1.30 + 0.07 1.28 + 0.05 1.20 + 0.05
LDL-C, mmol/l 4.40 = 0.50 4.10+0.16 4.43 +0.27
lonized blood Ca**, mmol/l 1.18 £ 0.02 1.18 £ 0.01 1.16 + 0.01
. 20.40 +0.82
Cholecalciferol, ng/ml 23.70 = 1.60 21.68 =+ 1.30 p=0.048
Parathyroid hormone, pg/mi 54.30 = 2.09 62.20 + 6.50 615526*8501

Notes: p — significance of differences in indicators compared to the patients with high normal BP; p, — the proba-
bility of differences in indicators compared to the patients with 1 degree of BP elevation.
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The correlation matrix of lipid spectrum, metabolic and
hormonal parameters with anthropometric and hemodynamic
data is shown in Table 4. A strong direct correlation was found
between TC and LDL-C (r=0.93; p <0.001), which is logical
and quite obvious. At the same time, HDL-C was inversely
moderately correlated with TG (r=—0.41; p < 0.001).

The association of cholecalciferol and PTH with the se-
lected anthropometric, demographic, metabolic parameters
is shown in Table 5. The level of cholecalciferol in the blood
was significantly associated with body weight (F = 6.48;
p = 0.013), height (F = 4.33; p = 0.04), WC (y*= 15.93;

p <0.001), glucose (y*= 10.66; p = 0.001), and HDL cho-
lesterol (F = 6.53; p = 0.012). For PTH, a significant rela-
tionship was found only with the WC/HC ratio (*= 6.86;
p=10.032).

Box plots showing the significant relationships for the
numerical parameters of cholecalciferol levels with body
weight, height, glucose concentration, and HDL-C are pre-
sented in Fig. 1—4.

The analysis of the relationship between the level of ioni-
zed calcium and other diagnostic parameters in the studied
population of patients with EAH did not show reliability.

Table 3. Correlation matrix (R) of anthropometric, hemodynamic and metabolic parameters

Parameter BMI wcC HC Ca* Glucose
Age 0.17317 0.13619 0.09254 0.14501 0.33037
SBP 0.32478 0.37616 0.21065 -0.07248 0.26461
DBP 0.28693 0.34406 0.17884 -0.10269 0.22949
Body weight 0.86747 0.81690 0.72763 —-0.08653 0.07714
Heigh —0.19499 0.14615 -0.11166 -0.11835 —-0.23566
BMI 1.0000 0.76457 0.82011 -0.01832 0.18546
WC 0.76457 1.0000 0.74198 -0.01231 0.15108
HC 0.82011 0.74198 1.00000 -0.01658 0.06781
Ca? -0.01832 -0.01232 -0.01659 1.0000 —-0.06362
Glucose 0.18546 0.151083 0.06780 —-0.06362 1.00000
TC 0.04209 0.06795 0.06018 —-0.04825 —-0.06250
TG 0.22662 0.32539 0.18661 0.09399 0.12772
HDL-C -0.22752 -0.39521 -0.18269 —-0.02963 -0.17418
LDL-C 0.06482 0.14712 0.10199 —-0.03383 —-0.06324
Cholecalciferol -0.37802 -0.40565 -0.39643 -0.11742 -0.21689
PTH 0.28488 0.25308 0.23467 0.21769 0.02129

Table 4. Correlation matrix (R) of lipid spectrum, metabolic and hormonal parameters with anthropometric
and hemodynamic data

Parameter TC TG HDL LDL-C Cholecalciferol PTH
Age —0.08286 0.00908 -0.12176 —-0.0943 -0.1318 0.15213
SBP 0.09883 0.17887 —0.25421 0.15419 —-0.26088 0.04076
DBP 0.11434 0.16846 —0.25942 0.17631 —0.22095 0.06134
Body weight 0.02706 0.29708 —-0.29234 0.08547 —-0.25794 0.21845
Heigh —0.04911 0.13987 -0.11496 0.01489 0.22699 —-0.09172
BMI 0.04209 0.22662 —-0.22752 0.06482 —-0.37802 0.28488
WC 0.06794 0.32539 —-0.39521 0.14712 —-0.40569 0.25309
HC 0.06017 0.18661 —-0.18269 0.10199 -0.39643 0.23467
Ca* —0.04824 0.09399 —0.02963 —0.03383 -0.11742 0.21769
Glucose —-0.06250 0.12772 -0.17418 —-0.06324 —-0.21689 0.02129
TC 1.00000 0.22660 0.30292 0.93405 —0.10389 —-0.10952
TG 0.22660 1.00000 -0.41330 0.18499 —-0.27090 0.01780
HDL-C 0.30291 -0.41331 1.0000 0.07816 0.22587 —-0.13333
LDL-C 0.93405 0.18499 0.07816 1.0000 -0.08787 -0.11938
Cholecalciferol —0.10389 —0.27090 0.22587 —-0.08787 1.0000 —-0.29314
PTH —-0.10952 0.01780 —0.13333 —0.11938 —-0.29314 1.0000

Tom 20, N2 4, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua 37


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

Table 5. Relationship of cholecalciferol and parathyroid hormone with selected anthropometric,
demographic and metabolic parameters

El

Cholecalciferol PTH
Parameters
Test p Test o]
Sex = 0.54 0.4626 = 0.46 0.7933
Age Kruskal-Wallis (y*= 1.16) 0.2818 Kruskal-Wallis (y>= 4.31) 0.1156
Body weight ANOVA (F = 6.48) 0.0126* ANOVA (F =1.0) 0.373
Height ANOVA (F = 4.33) 0.0402* Kruskal-Wallis (y*= 0.93) 0.6273
DM2 ¥*=0.39 0.5322 ¥=1.47 0.4793
Smoking v=1.72 1 v=1.21 0.547
WC ¥*=15.93 0.00035* Y= 4.43 0.3506
WC/HC = 0.57 0.4554 ’=6.86 0.0324*
Heredity ¥¥=0.13 0.7135 2= 1.86 0.3948
Ca* = 0.91 0.6338 = 4.58 0.3336
Glucose Kruskal-Wallis (y*= 10.66) 0.0011~ Kruskal-Wallis (y*= 1.59) 0.4523
TC ANOVA (F = 0.40) 0.53 ANOVA (F = 0.49) 0.61
TG Kruskal-Wallis (= 3.20) 0.07366 Kruskal-Wallis (y>= 0.54) 0.7627
HDL-C ANOVA (F = 6.53) 0.0122* Kruskal-Wallis (y>= 1.94) 0.3794
LDL-C ANOVA (F =1.10) 0.298 ANOVA (F = 0.69) 0.504
Cholecalciferol - - ¥=2.26 0.3237
PTH =226 0.3237 - -
Notes: * — significance of association between parameters.
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Figure 1. Relationship between body weight
and blood cholecalciferol levels

Figure 2. Relationship between body height
and blood cholecalciferol levels
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Figure 3. Relationship between glucose
and blood cholecalciferol levels

Figure 4. Relationship between HDL-C
and blood cholecalciferol levels
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Discussion

In the risk stratification of patients with EAH, the assess-
ment of hypertension-mediated organ damage is of great im-
portance. More than 50 % of patients with hypertension have
additional CVR [5]. The most common are diabetes mellitus
(15—-20 %), dyslipidemia (elevated LDL-C and TG — 30 %),
overweight and obesity (40 %), hyperuricemia (25 %) and met-
abolic syndrome (40 %), as well as bad habits. The likelihood
of developing ischemic, cerebrovascular, or renal diseases in
patients with EAH increase proportionally with the presence
of one or more additional cardiovascular risk factors [ , 15, 16].
Other factors such as age (> 65 years), gender (men > women),
heart rate (> 80 beats/min), high pulse pressure in the elderly
(= 60 mm Hg), weight gain, diabetes mellitus, high LDL-C,
TG, family history of CVD, family history of hypertension,
early menopause, smoking, psychosocial factors also con-
tribute to CVR. The results of our study confirm the data of
researchers on the strong association of hypovitaminosis D
with high blood pressure [17—19]. Liu L. et al. also confirmed
the correlation of metabolic and molecular disorders with the
development and severity of hypertension.

The results of our study, correlation and ANOVA ana-
lyses complement the scientific data that the development
and course of EAH is characterized by clinical changes and
metabolic disorders that are nonlinearly exacerbated by the
severity of hypertension. In addition, we have identified cer-
tain associations and predictors of the pathology develop-
ment that are independent risk factors for severe EAH, which
complexly interact with environmental conditions, lifestyle,
burdened heredity and require larger-scale research and fur-
ther study [20—23].

Conclusions

The development and course of EAH is characterized by
clinical, hemodynamic, and metabolic abnormalities that are
nonlinearly exacerbated with the severity of hypertension: in
EAH of 2" and 3" degrees, SBP and DBP levels increase by
16.25 and 11.95 % (p < 0.001), which is associated with a de-
crease in HDL-C concentration by 14.89 % (p = 0.048) and
hyperglycemia by 45.69 % (p < 0.001); BMI increases, sig-
nificantly only in women, by 23.11 % (p < 0.01); an increase
in BP is associated with a decrease in blood cholecalciferol
and an increase in PTH concentration, but only in patients
with EAH of 2" and 3" degrees BP elevation — by 13.92 %
(p =0.048) and 13.26 % (p = 0.05), respectively.

Correlation analysis showed a direct relationship between
body weight and WC/HC (r = 0.76—0.88; p < 0.001); SBP is
moderately directly correlated with WC (r = 0.38; p < 0.05);
TC is strongly associated with LDL-C (r=0.93; p <0.001),
HDL-C is inversely associated with WC (r = —0.40; p < 0.05)
and TG levels (r = —0.41; p < 0.001), and cholecalciferol
concentration was negatively borderline associated with
BMI, WC/HC (r=—0.41/-0.38; p < 0.05).

ANOVA analysis confirmed that the level of plasma
cholecalciferol was associated with body weight (F = 6.48;
p = 0.013), height (F = 4.33; p = 0.04), WC (y*= 15.93;
p < 0.001), blood glucose (x*= 10.66; p = 0.001) and HDL
(F=6.53; p=0.012). A reliable relationship between para-
thyroid hormone and WC/HC ratio was found (y*= 6.86;
p=10.032).
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Cewm’aHiB M.M.", Cupopyyk A.I.7, SlovHmny KO.M., Sai Praveen Daruvuri?, CemeHeHko C.b.", Cupaopyyk O.1.°
" BYKOBUHCBKN ASPXKABHUA MEANYHWU YHIBEPCUTET, M. YepHiBLi, YKkpQiHa

2 St. Mary’s General Hospital, Passaic, New Jersey, USA

3 HauioHanbHM MeandHuA yHiBepcuteT imeHi O.O. boromonsLs, M. Kuis, YkpaiHa

3B’130K XOAEKAAbLUMDEPOAY i TAPATTOPMOHY 3 METAGOAIYHUMU NOPYLUEHHAMU
Y XBOPUX HO QPTEPIAAbHY FiNepTeHsito

Pe3iome. Axmyaavnicmo. EcenuianbHa aprepiaibHa rinepreHsis
(EAT') — cknanne, 6aratodakTopHe if IoJlireHHe 3aXBOPIOBAHHS.
HesBaxkatoun Ha eeKTHBHI 3aX0I1 3 KOHTPOJIIO Ta Moaubikalii
TPaaULIiHHUX YMHHUKIB PU3UKY, IOTO CTYITiHb 3aJIUIIAETHCS 3HAY-
HUM. Memoro docaidncenns Oy0 OLIHUTY 3MiHM KJIIHIYHUX ITOKa3-
HUKIB i MpoaHali3yBaTh B3a€MO3B’SI30K ITapaTTOPMOHY, XOJIeKalb-
1udepoay 3 aHTPOIOMETPUYHUMU, META0OTIYHMMM TTapaMeTpamMmu
y xBopux Ha EAL. Mamepiaiu ma memoou. Y nociimxeHHST TUTTY
«BUIAJI0K — KOHTPOJIb» OyJ10 3amydeHo 100 oci6 3 EAT Ta ypaxkeH-
HSIM OpTaHiB-MillleHe (Ipyra cTaist), TOMipHUM, BUCOKUM, JTyKe
BUCOKHMM CEPLEBO-CYIMHHUM PU3UKOM. KOHTpOJIbHY IpyImy cra-
HoBwIN 60 3M0pOBKX 0Ci0, MOPIBHIHHKX 3a CTATTIO i BikoM. Kpu-
Tepiii [lipcoHa BUKOPHUCTOBYBAJIM JJIsI BUBHAYEHHSI 3B’SI3KY MixX
rapaMeTpamMM y BUTIAIKy KaTeropialbHUX 3MiHHUX; AUCTIEPCIiHUI
aHaiz (ANOVA) — KoJjiu oliHa 3i 3MiHHUX € KaTeropiiitHOoIO0, a
iHIIIa — YMCJIOBOIO (IHTEPBAJILHOIO); HETIApaMEeTPUIHUI KpUTEpiit
Kpyckana — Yomjica — y BUnaaky HeHOPMaJIbHOTO PO3MOAiILy
macuBy. Pezyrsmamu. Po3sutox i mepebir EAI xapakTepu3syoThb-
¢Sl KJIIHIYHUMU, TeMOAMHAMIYHUMMM, META0O0JiYHUMU MOPYIIEH-
HAMH, SIKi HETIHIHHO MOCHMITIOIOTHCS 3i 30LIbIIIEHHSIM TSKKOCTI
rineprensii. KopensiiiiHuit aHasi3 nokasas npsiMUii 3B’5130K MixX

Macolo Tijla Ta CIiBBiIHOIIEHHSIM OKPYXXHOCTI TaJlii 10 OKpYXK-
Hocrti creron (OT/OC) (r = 0,76—0,88; p < 0,001); cucroniyHumi
apTepiaJbHUI TUCK moMipHO npsimo kopemoe 3 OT (r = 0,38;
p <0,05); piBeHb 3araIbHOIO XOJIECTEPUHY CUJIBHO acOLiifOBaHUIA 3
YMICTOM XOJIECTEPUHY JIIMOMPOTEiHiB HU3bKOT 1ibHOCTI (1 = (,93;
p <0,001), piBeHb XOJIECTEPUHY JITIOMPOTEiHIB BUCOKOI IIITBHOCTI
(XC-JIIBIL) o6epHeHo acouitoBanuii 3 OT (r = —0,40; p < 0,05)
i BMicTom Tpuriiuepumis (r = —0,41; p < 0,001), a KoHLIEHTpa1Lis
X0JIeKaablu(epoy HeraTUBHO MOB’si3aHa 3 IHICKCOM MacH Tija,
criBBigHomeHHssM OT/OC (r = —0,41/—0,38; p < 0,05). Ananis
ANOVA niaTeepauB 3B’S130K XoJIeKalbLU(eposy mia3Mu 3 Ma-
coto tina (F = 6,48; p = 0,013), 3pocrom (F = 4,33; p = 0,04),
OT (* = 15,93; p < 0,001), piBHeM riroko3u kposi (x> = 10,66;
p = 0,001) Ta XC-JIIIBUI (F = 6,53; p = 0,012). YcraHoBJIeHO
BipOTiIHMIA 3B’ 130K MixX yMiCTOM MapaTrOPMOHY i CIiBBiIHOIICH-
Hsam OT/OC (y* = 6,86; p = 0,032). Bucnoexu. Y xsopux Ha EAT
piBeHb XoJieKaIbLGepoly B IJIa3Mi BipOTifHO KOPEJIOE 3 MacOl0
tina, 3poctoM, OT, piBHem rmoko3u, XC-JITIBIL. ITaparropmon
Mae€ NpsIMUiA 3B’s130K 3i criBBigHoeHHsIM OT/OC.

KirouoBi c10Ba: ecenuianbHa aprepiajibHa rinepreHsis; xoe-
KaJibLMdepot; mapaTropMoH; MeTabOIiuHi MOKa3HUKU; 3B’ 130K
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Effectiveness of probiotic therapy
in chronic purulent maxillary sinusitis in patients
with type 1 diabetes mellitus

Abstract. Background. The problem of chronic purulent maxillary sinusitis (CPMS) in patients with type 1 diabetes
mellitus (T1DM) is relevant due to the increased risk of infections, complicated course of the disease, impact on
quality of life, frequency of relapses, economic burden and the need for a multidisciplinary approach to treatment.
Exploring new therapies, such as probiotics, may improve treatment efficacy and quality of life in patients with T1DM.
The purpose of the work was to study the effectiveness of probiotic therapy in the comprehensive treatment of pa-
tients with CPMS and concomitant T1DM. Materials and methods. Patients with CPMS were under our supervision,
some of them had concomitant decompensated T1DM. A number of patients received a standard course of therapy
with a multiprobiotic, others — without a probiotic. In some cases, the exacerbation of CPMS was not accompanied
by other pathologies. All patients underwent an otolaryngological examination and assessment of the intestinal
microbiome before and after treatment. Integral hematological coefficients and spectrophotometric determinations
of middle mass molecules were used. Results. In patients with CPMS and T1DM, dysbiosis of the large intestine
and endogenous intoxication were observed, which is associated with a decrease in the general resistance of the
body. Probiotic therapy in case of CPMS in patients with T1DM has a number of potential advantages, since this
type of diabetes complicates the course of many diseases due to weakened immunity and increased susceptibility
to infections. Chronic sinusitis in patients with T1DM can be particularly difficult, and conventional treatments do not
always provide the desired results. The practical significance of the obtained results is that in order to achieve the
maximum effect of probiotic therapy for a certain nosology, it is important to choose probiotics containing specific
strains of bacteria that have proven their effectiveness in clinical studies. Conclusions. The results of treatment with
a multiprobiotic showed significant effectiveness: a decrease in the level of endogenous intoxication, stimulation of
factors of non-specific resistance and influence on conditionally pathogenic microflora.

Keywords: sinusitis; probiotic; diabetes mellitus; colon microbiome; hematological indices; middle mass molecules

Infroduction Chronic rhinosinusitis (CRS) is a serious health problem,

Rhinosinusitis is a common disease in most countries of
the world, which causes a significant burden on the health
care systems [1, 2]. Specifically, it affects approximately 1
of 8 adults in the USA, accounting more than 30 million
diagnoses per year. Meanwhile, the direct costs of treating
acute and chronic sinusitis exceed $11 billion per year, with
additional costs due to lost work capacity, reduced work ef-
ficiency, and reduced quality of life [3].

which is registered in about 5—12 % of the population [4, 5].
This disease is characterized by phenotypic heterogeneity and
multifactorial mechanisms of development [6]. Both innate and
adaptive immunity contribute to the heterogeneous inflamma-
tory pathogenesis of CRS, which is driven by genetic predispo-
sition, environmental factors, and the microbiome [7, §].
Recently, there are more and more evidence that dia-
betes mellitus (DM) is one of the leading predictors of the
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development and progression of inflammatory processes in
the paranasal sinus. In particular, diabetes is registered in
about 50 % of patients with invasive fungal rhinosinusitis [9].
In patients with CRS on the background of DM, a typical
histopathological feature is an increase in fungal elements,
including atypical ones [10, 11].

According to the literature data, there are isolated
reports about the peculiarities of the ENT pathology in
patients with type 1 DM (T1DM), the analysis of which
indicates the need for an in-depth study of the clinic,
pathogenesis, and principles of treatment of purulent di-
seases of the paranasal sinuses (PNS) with the background
of TIDM [12—14].

It is known that the metabolic processes in case of DM
undergo significant changes, affecting the adaptive capabili-
ties of the body and determining the degree of its immuno-
reactivity, which makes patients with this disease, especial-
ly TIDM, extremely vulnerable to infectious pathological
processes [15]. At the same time, infectious and inflamma-
tory diseases in patients with TIDM are accompanied by
pronounced endogenous intoxication. On the other hand,
patients with DM who suffering from an infectious disease
or dehydration are more likely to require hospitalization than
those without diabetes, including due to decompensation of
the underlying disease [16, 17].

In recent years, the important role of intestinal dysbiosis
in the development and progression of chronic infectious
processes in TIDM has been actively discussed [18, 19]. In
addition, it was established that the clinical symptoms of
T1DM are directly related to the composition of the intes-
tinal microbiota [20]. Intestinal dysbiosis is accompanied
by a violation of the population level of bifido-, lacto-, and
eubacteria [21], so one of the ways to impact such infections
is the use of probiotics — live microbes, in particular lacto-
bacilli, which can be used as an alternative or supplement to
antimicrobial drugs. In recent years, it has gained conside-
rable popularity.

The purpose of the work was to study the effectiveness of
probiotic therapy in the complex treatment of patients with
CPMS and concomitant TIDM.

Materials and methods

We monitored 46 patients with the age from 19 to
42 years. 26 of them were diagnosed with CPMS and de-
compensated TIDM, 16 of which received a standard course
of therapy with the inclusion of the multiprobiotic drug sym-
biter in the treatment complex (main group), 10 patients re-
ceived a similar standard course of therapy without a probio-
tic (control group). The multiprobiotic was recommended to
be used against the background of basic therapy (antibiotics,
desensitizing, secretolytic agents; locally — decongestants,
endonasal corticosteroids, elimination-irrigation therapy
with saline solutions and sanitation of the nasal cavity and
PNS by the method of moving fluid according to Proetz)
1 bottle/sachet 1 time per day for 14 days. Exacerbation of
CPMS without accompanying pathology was diagnosed in
20 patients (comparison group).

The dynamics of subjective and objective data before and
after treatment were evaluated according to the following
criteria: deterioration of nasal breathing, nasal discharge,

headache, deterioration of general well-being, pain in sinus
projection, nasal breathing condition, changes in the mucous
membrane of the nasal cavity, nature of contents of nasal
passages, the character of the lavage fluid of the maxillary
sinuses.

All patients underwent a standard otolaryngological
examination, endovideorhinoscopy, X-ray of PNS, general
blood and urine analysis, blood analysis for spectrophoto-
metric determination of middle mass molecules (MMM).
The method is based on the precipitation of high-molecu-
lar-weight peptides and proteins of biological fluids using
trichloroacetic acid and the quantitative determination of
MMM in the supernatant obtained by centrifugation by ab-
sorption in a monochrome stream of light at a wavelength of
254 and 280 nm. Accordingly, MMM1 (254 nm — identified
nucleoprotein component) and MMM?2 (280 nm — products
of protein proteolysis) [23].

To assess the adaptive and general reactive potential of
patients, integral hematological coefficients were used: leu-
kocyte index (LI), which reflects the balance of the humoral
and cellular links of the immune system; modified leukocyte
intoxication index B.A. Reiss (LII), as an indicator of tissue
degradation and endogenous intoxication; and the leuko-
cyte shift index (LSI), which increases with the activation of
inflammatory processes and impaired immunological reac-
tivity. The reactive response of neutrophils was evaluated by
the degree of violations of each indicator that characterizes
the patient’s immune status. Integral hematological indices
were calculated using a specially developed computer pro-
gram [24].

Bacteriological and mycological methods were used to
examine the contents of the colon cavity. The results were
taken into account only when the time from taking the fresh
material to the beginning of the bacteriological examination
was a little more than two hours. Optimal nutrient medium
for each taxon were used for the growth and reproduction of
microorganisms.

Isolation and identification of pure cultures of microor-
ganisms was carried out according to the generally recog-
nized conventional method (conventional culture and iden-
tification by biochemical reaction) [25, 26] using methods
of cultivation of obligate anaerobic and facultative anaerobic
bacteria [27, 28].

All patients had concomitant TIDM. In 3 subjects, the
duration of the disease before inclusion in the study was less
than five years (3.48 & (.76 years), in 9 people DM lasted
6—10 years (7.92 & 0.76 years), and 14 people had diabetes
for more than 10 years (17.30 &+ 1.14 years). In the vast ma-
jority of patients, indicators of carbohydrate metabolism in-
dicated decompensation of the disease. The average glycated
hemoglobin level (HbA,.) was 10.00 £ 0.92 %.

The obtained digital results of clinical, microbiological,
biochemical and immunological studies were developed
using the methods of variational statistics. Statistical pro-
cessing of the obtained results was carried out using the
Microsoft Excel statistical analysis package. The probability
of the difference between the average quantitative value of
two samples was determined by the Student’s coefficient.
The estimate of the probability of the difference was deter-
mined by p < 0.05.
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Results

Analyzing the manifestations of the objective symp-
toms of the disease in the dynamics of complex treatment
(Table 1), it can be noted that nasal breathing was restored
in all the examined groups almost equally, while the patho-
logical content in the nasal passages changed to a mucous
character in the majority of patients of the main group and
deterioration of general well-being was also noted less in the
main group.

It should be note that during the treatment, the intensity
of the manifestation of the main symptoms in both groups
decreases, and 3 months after the treatment positive dy-

namics remain in the patients who were treated with the
probiotic drug.

Based on the isolation and identification of microorga-
nisms, the establishment of changes in the taxonomic com-
position, population level, and microecological parameters
of the colon microbiome, the state of the colon microbiome
of patients with CPMS and T1DM in the dynamics of com-
plex treatment with the use of probiotics was determined
(Table 2).

The data obtained allow us to state that in case of CPMS
and T1DM intestinal dysbacteriosis/dysbiosis develops in all
patients, mainly II (78 %) and I1I degree (22 %) due to the

Table 1. Dynamics of objective data in patients with chronic purulent maxillary sinusitis before

and after treatment, n (%)

Signs of an objective otorhinolaryngological examination Groups
In=16) | 1li(n=10)
Before treatment
Not obstructed - -
Nasal breathing I\/.Iod'e.rately obstructed 2 (13.3) 1(10.0)
Significantly obstructed 9 (60.0) 5 (50.0)
Practically absent 4 (26.7) 4 (40.0)
Pale pink - -
Mucous membrane of the nasal Congestively hyperemic 16 (100.0) 10 (100.0)
cavity Moderately swollen 11 (73.3) 6 (60.0)
Significantly swollen 4 (26.7) 4 (40.0)
Purulent 2 (18.3) 1(10.0)
The content of the nasal passages Mucopurulent 8 (53.3) 6 (60.0)
Mucus 5(33.3) 3 (30.0)
After treatment (10" day)
Not obstructed 12 (80.0) 6 (60.0)
Nasal breathing I\/.Iod'e.rately obstructed 3(20.0) 4 (40.0)
Significantly obstructed - -
Practically absent - -
Pale pink 8 (53.3) 3 (30.0)
Mucous membrane of the nasal Congestively hyperemic 7(46.7) 7 (70.0)
cavity Moderately swollen 2(13.3) 2 (20.0)
Significantly swollen 1(6.7) 2 (20.0)
Purulent - 1(10.0)
The content of the nasal passages Mucopurulent 1(6.7) 2 (20.0)
Mucus 2(13.3) 1(10.0)
After treatment (3 months)
Not obstructed 12 (80.0) 4 (40.0)
Nasal breathing I\/.Iod'e.rately obstructed 3(20.0) 6 (60.0)
Significantly obstructed - -
Practically absent - -
Pale pink 8 (53.3) 4 (40.0)
Mucous membrane of the nasal Congestively hyperemic 7(46.7) 6 (60.0)
cavity Moderately swollen 2(13.3) 4 (40.0)
Significantly swollen 1(6.7) 1(10.0)
Purulent - -
The content of the nasal passages Mucopurulent - 3(30.0)
Mucus 2(13.3) 2 (20.0)
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elimination and pronounced deficiency of autochthonous
beneficial bacteria, which negatively affects the course of the
disease. In 85 % of patients with CPMS without accompany-
ing pathology develop intestinal dysbiosis I degree, and 15 %
have no dysbiotic changes.

Characterizing the large intestine microbiome, it can be
seen that the total number of E.coli (< 10°—2 x 10%) decreased
by 50 % in patients with CPMS and TIDM who were trea-
ted with probiotics (main group). In patients of the control
group, the number of F.coli after treatment decreased by
only 10 %. As for conditionally pathogenic microorganisms
(> 10%), their number decreased by 56 % in patients of the
main group after treatment, and by 30 % in patients of the
control group, respectively.

Regarding staphylococcus (> 10%): in patients of the main
group (with the use of a probiotic drug in treatment) total
number before treatment was 4 (25 %), after treatment no
colonies were detected; in patients of the control group (treat-
ment without probiotic) after treatment 10 % less staphylococ-
cus was detected, compared to its amount before treatment.

The total number Candida fungi (> 10°) in patients
with CPMS and T1MD who were treated with a probiotic
(main group) before treatment was 3 (18.75 %), after treat-
ment — 0. In patients of the control group the number of
Candida fungi decreased by 10 % after treatment.

These results prove the effectiveness of the use of a multi-
probiotic drug in the complex therapy of patients with CPMS
and TIDM.

It is known that probiotic drugs have a therapeutic effect
not only due to the direct effect on opportunistic microflo-
ra, but also due to the stimulation of factors of non-specific
resistance.

During the analyzing of the changes in the integral indi-
cators of the main populations of immunocompetent cells of
peripheral blood in patients with CPMS and T1DM, statis-
tically significant differences were established compared to
the indicators of patients with CPMS without concomitant
pathology (Table 3).

Thus, LII in patients with TIDM probably increases
1.7 times, which, in our opinion, is associated with a sig-
nificant decrease of the number of eosinophils and band
neutrophils, a moderate decrease in lymphocytes against
the background of an increase in segmented neutrophils.
A decrease in the number of eosinophilic leukocytes, which
have a detoxification functional focus, and lymphocytes is
considered as a sign of immune suppression.

LSI increased significantly by 4 times, which indi-
cates an increase in autointoxication and a violation of
immunological reactivity in patients with CPMS and
T1DM.

Table 2. Characteristics of the colon microbiome in patients with chronic purulent maxillary sinusitis
and type 1 diabetes mellitus before and after treatment with probiotics, n (%)

Patients with CPMS and T1DM | Patients with CPMS and T1DM
(treatment with probiotic) (treatment without probiotic)
Detected microorganisms (n=16) (n=10)
Before After Before After
treatment treatment treatment treatment
The total number of E.coli (< 10°-2 x 108) 10 (62.5) 2 (12.5) 9 (90) 8 (80)
Conditionally pathogenic microorganisms (> 10%) 11 (68.75) 2 (12.5) 10 (100) 7 (70)
Hemolyzing Escherichia coli (E.coli Hly*) 2(12.5) 0 2 (20) 1(10)
Staphylococci (> 10%) 4 (25) 0 2 (20) 1(10)
Escherichia coli with weakly expressed
enzymatic properties (E.coli Lac") 5(31.25) 1(6.25) 5 (50) 3 (30)
Bifidobacteria (< 10°) 9 (56.25) 1 (6.25) 7 (70) 5 (50)
Candida fungi (> 10°) 3(18.75) - 3 (30) 2 (20)
Lactobacilli (< 10°) 13 (81.25) 2 (12.5) 8 (80) 5 (50)

Table 3. Changes in integral indicators of peripheral blood leukocytes and average mass molecules
in patients with chronic purulent maxillary sinusitis and type 1 diabetes mellitus before and after treatment
with probiotics (p < 0.05)

Patients with CPMS Patients with CPMS . .
and T1IDM (main group) | and T1DM (control group) | Patients with CPMS
; (treatment with probiotic) (treatment without without concomitant |  Reference norm
Indicator (n =16) probiotic) (n = 10) pathology (practically healthy
(comparison group) people)
Before After Before After (n = 20)
treatment treatment treatment treatment
LI 0.64+0.04 | 0.56+0.02 | 0.64+0.04 | 0.60+0.02 0.56 + 0.02 0.41 +£0.03
LIl 296+0.13 | 1.78+0.05 | 296 +0.13 | 2.14 +0.80 1.70 = 0.05 (1.0 £ 0.5)—(1.6 £ 0.5)
LSI 214+0.14 | 1.92+0.16 | 214 +0.14 | 1.98+0.22 1.94 + 0.05 1.90 = 0.56
MMM 0.51+0.04 | 0.39+0.04 | 0.51+0.04 | 0.46+0.02 0.33 +£0.02 0.31 £0.05
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Changes in the integral hematological indicators of pe-
ripheral blood leukocytes and average mass molecules in
patients with CPMS and T1DM before and after treatment
with the use of probiotics show a reliably positive effect of
probiotics on the course of the disease.

The obtained results of treatment with the systemic use of
probiotics in the complex therapy of patients with CPMS and
T1DM according to clinical and bacteriological indicators,
changes in integral hematological indicators of peripheral
blood leukocytes and MMM prove the effectiveness of its
therapeutic effect in complex use, not only the effect on con-
ditionally pathogenic microflora, but also due to the reduc-
tion of endogenous intoxication indicators and stimulation
of factors of non-specific resistance.

Discussion

In previous studies we established the peculiarities of the
taxonomic composition, qualitative and quantitative micro-
ecological indicators of the macroorganism-microbiome
ecosystem of the symbiotic microbiota of the large intestine
in patients with CPMS and T1DM [29].

In the analysis of changes in the level of MMM in the
peripheral blood of patients with CPMS associated with
T1DM, statistically significant differences were established
in comparison with CPMS without diabetes as well as healthy
donors.

Suppression of microphagic immunoreactivity in patients
with TIDM probably determines the defect of anti-infec-
tive immunity characteristic of this type of the disease [15].
The reference norm of the MMM level was 0.31 £ 0.05 c.u.
The level of MMM in patients of the control group was
0.51 £0.04 c.u. before the treatment and 0.46 & 0.02 c.u. af-
ter the treatment. In the main group of patients with CPMS
and T1DM, the level of MMM was 0.51 £ 0.04 c.u. before
the treatment and 0.39 £ 0.04 c.u. after the treatment and
was significantly higher than in patients with CPMS without
concomitant pathology — 0.33 & 0.02 c.u. (p < 0.001), which
also indicates pronounced endogenous intoxication in this
category of patients.

In our opinion, probiotic therapy in case of CPMS in
patients with T1DM has a number of potential advantages,
since this type of DM complicates the course of many di-
seases due to weakened immunity and increased suscepti-
bility to infections. Chronic sinusitis in patients with TIDM
can be particularly difficult, and conventional treatments do
not always provide the desired results. The practical signifi-
cance of the obtained results is that in order to achieve the
maximum effect of probiotic therapy for a certain nosology,
it is important to choose probiotics containing specific strains
of bacteria that have proven their effectiveness in clinical
studies.

The main advantages of prescribing probiotics for pa-
tients with TIDM are:

— Restoration of the microbiome. Probiotics contribute
to the restoration of the normal microflora of the nasopha-
rynx and intestines, which can be disturbed by the frequent
use of antibiotics and the general imbalance of the bacterial
environment in patients with TIDM. A healthy microbiome
can enhance local immunity and reduce the frequency of
sinusitis recurrences.

— Reduction of inflammation. Probiotics have anti-in-
flammatory properties. They can help reduce the chronic
inflammation that is the characteristic of purulent sinusitis,
thereby improving the condition of the lining of the nasal
sinuses.

— Increase of immune response. In patients with TIDM,
the immune response may be weakened. Probiotics stimulate
the immune system by increasing the activity of macrophages
and other immune cells, which helps overcome infections
more effectively.

— Reducing the need for antibiotics. Probiotic therapy
can reduce the need for antibiotics, which is important for
patients with TIDM, in whom frequent use of antibiotics
can lead to the development of resistance and additional
complications.

— Improvement of general well-being. Probiotics can have
a positive effect on patients’ overall well-being by improving
digestion, reducing inflammation in the body, and promoting
better blood glucose control.

— Reducing the risk of fungal infections. Probiotics can
help prevent and treat fungal infections, which often occur
in TIDM patients due to elevated blood glucose levels and a
reduced immune response.

— Psychosomatic benefits. Reducing the frequency and
intensity of chronic infections can improve the psycho-emo-
tional state of patients, which is important for people with
chronic diseases such as TIDM.

Thus, probiotic therapy may be an effective adjunctive
treatment for CPMS in T1DM patients, promoting micro-
biome restoration, reducing inflammation, and improving
the immune response.

Conclusions

In patients with chronic purulent maxillary sinusitis and
type 1 diabetes mellitus, intestinal dysbiosis develops, due to
the deficiency of autochthonous obligate bifido- and lacto-
bacteria, and the increase of the population level of faculta-
tive conditionally pathogenic anaerobes.

In people with chronic purulent maxillary sinusitis and
concomitant type 1 diabetes mellitus, endogenous intoxica-
tion develops, associated with dysfunction of the immune
system and a decrease in the general resistance of the body,
which is confirmed by the dynamics of changes in integral
hematological coefficients and average mass molecules. At
the same time, a decrease in non-specific immunoresistance
is registered due to the microphagic link against the back-
ground of a deficiency of specific immune protection.

The effectiveness of the probiotic in the complex treat-
ment of patients with chronic purulent maxillary sinusitis and
type 1 diabetes mellitus is confirmed by the positive dynamics
of clinical data, improvement of indicators of adaptation and
reactive potential, as well as restoration of the biocenosis of
the mucous membrane of the large intestine.

Prospects for further research. We consider the com-
parative studies of the adaptive reactions of the organism of
patients with chronic purulent maxillary sinusitis and type 1
diabetes mellitus in the process of complex treatment with
other means that have a positive effect on the large intestine
microbiome to be promising.
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BYKOBUHCHKN ASOXKABHU MEANYHUU YHIBEPCUTET, M. YepHiBLi, YkpaiHa

EdeKkTnBHICTbL NPOGIOTUYHOT Tepanii
NpPU XPOHIYHOMY FHIMHOMY BE€PXHbOLLEAENHOMY CUHYCWUTI B NALIEHTIB
i3 LyKpoBUM Aia6eTtom 1-ro tuny

Pestome. Axkmyaavnicmo. TIpoGaeMa XpOHIYHOIO MHiiHOTO BEpX-
HboulenernHoro cunycuty (XI'BC) y naiieHTiB i3 LyKpoBuM aia-
6etoMm 1-To tumy (LI/I1) € akTyaabHOIO Yyepe3 MiIBUILIEHU PU3NK
iHdeKIIii, yCKIagHeHUI TTepe0ir 3aXBOpIOBaHHSI, BIUIUB Ha SIKiCTb
JKUTTSI, 4aCTOTY PELUINUBIB, EKOHOMIYHMI TsTrap Ta HEOOXiAHICTh
MYJIBTUIMCIUITTIHAPHOTO ITiAXOMy J0 JIiKyBaHHsI. BuB4eHHST HO-
BUX METOJIB Tepalrii, 30KpeMa IIpo0iOTUKIB, MOXKE ITOKPAIIUTH
e(eKTUBHICTD JIIKyBaHHSI i SIKiCTb >KUTTS MaieHTiB i3 LIJ11. Mema
HAIIIOT0 AOCIiIKEHHSI MoJIsirajia Y BUBUEHHI e(DeKTUBHOCTI IPpo0i-
OTUKIB Y KOMIUIEKCHOMY JIiKyBaHHi XBOPUX i3 XpPOHIYUHUM IHiltHUM
BEPXHBOIIIEJICITHUM CUHYCUTOM Ha TJIi CYIMyTHBOTO ILIYKPOBOTO
niabety 1-ro tuny. Mamepiaau ma memoou. Ilin Hamum HarIs-
noM repedyBanu nauieHTy 3 XI'BC, yacTuHa sIKMX Majia CyImyTHiit
L1 y crani nekomrmeHcartii. OnHi XBOpi OTpUMYBaIN CTaHAapT-
HUI Kypc Tepartii 3 MyJIbTUIIPOOIOTUKOM, iHIII — 0e3 mMpobioTHKa.
Y yactuHu nauienTiB 3aroctpeHHst X' BC He cynpoBoKyBayiocst
iHIIMMM MATOJIOTISIMU. YCi XBOPi MPOMIIINA OTOJIAPUHIOJIOTIYHE
00CTEeXEHHS Ta OLIHKY KMIIKOBOTO MiKpOOioMy 10 i micst JliKy-
BaHHS. BUKopucToByBanucs iHTerpabHi rTeMaToIOTiuHI Koedilli-
€HTHU i1 CIEKTPODOTOMETPUYHE BU3HAUSHHST MOJIEKYJI CepeIHbOT

Macu. Pezyasmamu. Y nauienris i3 XI'BC ta L1J11 cnioctepiranucs
n1cHio3 TOBCTOro KUIIIEYHUKA i eHIOTeHHa iHTOKCUKAILILis, 110
ITOB’SI3aHO 31 3HMDKEHHSIM 3arajibHOI Pe3MCTEHTHOCTI OpraHi3my.
IIpo6iotukoreparmist mpu XI'BC B oci6 i3 LI/I1 mae HU3KY mOTeH-
LIAHUX TMepeBar, OCKiIJIbKM 1€l TUIT Aia0eTy yCKJIaaHIOE Tepedir
0araTboX 3aXBOPIOBaHb Uepe3 0CNabIeHHS IMyHITETY Ta MiJABULIEHY
CIIPUMAHSITIAUBICTD 10 iH(eKiii. XpOHIYHNII CUHYCUT Y TIALiEHTIB
i3 LIJI1 Mmoxe OyTu 0COOIMBO TSKKUM, i 3BUYAHI METOAM JIiKY-
BaHHSI HE 3aBXIU 1al0Th OaxkaHi pe3yabratu. [IpakTuyHe 3HauYeH-
HSI OTPMMAaHUX Pe3yJIbTaTiB MOJISITAE B TOMY, 110 [UISI TOCSATHEHHS
MaKCHMAaJIbHOTO e(PeKTy ITpo0iOTUKOTEpaIlii MpH MeBHil HO3010T il
BaXXJIMBO MiAiOpaTv MpoOiOTUKH, 110 MIiCTSTh IITaMU OaKTepiid,
SIKi MATBEPAWIN CBOIO e(PEKTUBHICTb Y KIIHIYHUX AOCTiIKEHHSIX.
Bucnoeku. Pe3ynsratyl TiKyBaHHS 3 MyJIBTUIIPOOIOTUKOM MOKa3aIu
3HaYHY e(DeKTUBHICTh: 3HMKEHHSI PiBHS €HIOT€HHOI iHTOKCUKAIIIT,
CTUMYJISLIIO (hbaKTOpiB HecenpiyHOI pe3UCTEeHTHOCTI Ta BILIUB
Ha YMOBHO-IIaTOT€HHY MiKpodIiopy.

Kii04oBi ci0Ba: cuHycur; npo6ioTrK; IyKpoBUid giabeT; Mikpo-
6iOM TOBCTOI KMIIIKH; TeMAaTOJIOTIUHi iHIEKCH; MOJIEKYJIN CEPEeTHBOI
Macu
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Roy Adaptation Model-based adjustment scale
in patients with type 2 diabetes:
a scale development study

Abstract. Background. In order to prevent complications in diabetes mellitus, it is expected that the individual
should regulate his diet and physical activity according to diabetes, apply medication correctly and monitor himself.
Living with a chronic disease requires paying attention to bodily stimuli, carefully planning daily living activities, and
developing new strategies. The purpose of this study is to develop a measurement tool based on the Roy Adaptation
Model that measures the level of adherence to treatment in patients with type 2 diabetes. Materials and methods.
The methodologically planned study was conducted in 298 patients who applied to the Endocrinology Clinic of a
university hospital between June 2018 and May 2019. Patient information form and draft scale were used to collect
data. In the study, first of all, an item pool was created and sent to 10 experts for evaluation. The study, which was
applied as a pilot to 30 participants, was then applied to the original sample. Confirmatory and explanatory factor
analysis was used to determine the construct validity, and the suitability of the data set for analysis was evaluated
with KMO and Batrtlett tests. Cronbach’s a coefficient and item-total correlations were used to determine the internal
validity of the scale. Evaluation of the data was done with SPSS 17 and LISREL 8.8 package programs. Results.
The KGl score of the item pool sent to 10 experts was determined as 0.90. As a result of expert opinion and pilot
implementation, the number of items decreased to 52. KMO value of the scale was determined as 0.874, Bartlett
value as x*=9040.243, p = 0.000. It was found that the factor loads of all items of the scale were above 0.30, the
total explained variance was 53.33 %, and it consisted of four sub-dimensions. In confirmatory factor analysis, it
was determined as x%/SD 3.54, GFI1 0.89, AGFI 0.87, CFl 1.00, RMSEA 0.079 and SRMR 0.080, and the number of
items decreased to 39. The Cronbach’s a coefficient of the scale with four sub-dimensions and 39 items is 0.899,
and all item-total score correlations were positive. Conclusions. Roy Adaptation Model-based adjustment scale is a
valid and reliable measurement tool that can be used to evaluate adherence to treatment in type 2 diabetes patients.
Keywords: diabetes mellitus; Roy Adaptation Model; scale

Introduction

The purpose of Roy Adaptation Model (RAM), one of
the frequently used models/theories in nursing, is to ac-
celerate, improve and increase the adaptation processes of
individuals in health and disease situations [1]. Nurses, who
play an active role in the management of health care, have
an important function in maintaining, improving and re-
habilitating the health of the individual, providing uninter-
rupted service throughout the patient’s stay in the hospital,
and being more accessible health team members than other
health care workers, try to meet the needs of individuals in
the areas of adaptation [2].

Type 2 diabetes mellitus (DM), which is one of the con-
ditions in which the individual’s compliance with the disease
and treatment process is very important, is a chronic disease
that causes the development of psychological, emotional
and social problems in addition to physiological symptoms
in the patient when the insulin hormone cannot be secreted
in sufficient amounts or used effectively [3].

In order to prevent complications in DM it is expected
that the individual should regulate his diet and physical
activity according to DM, apply medication correctly and
monitor himself [4]. Living with a chronic disease requires
paying attention to bodily stimuli, carefully planning daily
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living activities, and developing new strategies [5]. Type 2
DM is a lifelong chronic health problem that requires the
individual to make various behavioral changes [6]. It is
not enough just to perform the necessary activities for the
care to be effective. It has been reported that people with
type 2 DM have the most difficulty in monitoring individual
blood glucose, changing their behavior towards nutrition
and exercise, and maintaining the desired behavior change
regularly [7].

In a qualitative study evaluating the perspectives of people
with type 2 DM it has been reported that being diabetic is
perceived as being sick, is seen as a stressful experience and
affects many choices of the individual [8]. The training and
care given in line with self-esteem in RAM increases the
ability of individuals to fight the disease and ensures that
their self-esteem reaches normal levels. This makes it easier
for individuals to adapt to the disease and treatment [9].
According to RAM, the education and care given about the
role function area facilitates the adaptation process of indi-
viduals to the disease without moving away from their own
roles and without changing their social life activities. Emo-
tional support in chronic diseases increases psychological
adjustment to the disease and reduces depression [10]. Loss
of family role, job loss and loss of body functions cause major
psychosocial problems for the patient [11]. The negativities
that develop due to the disease cause the patient to stay away
from social life and make it difficult for the individual to
adapt to their roles [12].

With good care, patients with type 2 DM are provided
with the skills to prevent and delay acute and chronic com-
plications, and to cope with the psychosocial problems of
being diabetic. For this reason, RAM includes trainings that
support individuals for the field of mutual commitment,
increases the support of patient relatives to the patient, and
activates the individual’s own support systems [ 13]. Although
there are scales that evaluate type 2 DM from different as-
pects, a measurement tool suitable for Turkish culture that
can measure patients’ compliance with the disease has not
been found in the literature. Therefore, the lack of a mea-
surement tool based on the Roy Adaptation Model was the
starting point of this study.

The aim of this study is to develop a measurement tool
based on the Roy Adaptation Model that measures the level
of adherence to the disease in patients with type 2 DM.

Materials and methods

Study design. The study was conducted as a methodo-
logical design in order to develop and test a measure of
adaptation of patients with type 2 diabetes to diabetes
according to the Roy Adaptation Model in practice. The
data were collected from type 2 diabetes patients who
applied to Erzurum Atatiirk University Training and Re-
search Hospital Endocrinology Clinic between June and
November 2018.

Sample. In scale development studies, the sample size
was calculated as follows: number of items X number of pa-
tients per items. The sample size is required to be at least 510
times bigger than the number of items in the scale which the
validity and reliability was tested. There were 39 items in the
developed scale and the sample of the study consists of 298

diabetic patients. Inclusion criteria for study were being over
the age of 18, having been diagnosed with type 2 DM at least
6 months and over, being literate and having no complica-
tions in answering questions physically and mentally. The
socio-demographic data of the participants is presented in
Table 1. 66.8 % of the participants were male, 32.2 % were
literate, 87.6 % were married and 30.2 % were retired. 44.3 %
of the participants lived with their spouses and children,
97 % of them had health insurance, 56 % of them did not
smoke, 90.9 % did not use alcohol and 70.8 % of them did
not have any other diabetic in their family. The average age
of the participants was 59.51 *+ 9.24 years. Two forms were
used to collect data. One of two was Patient Information
Form that was used to collect the patients’ demographics
and descriptive features. It was created by researchers after a
literature review and other was the Draft of the Adaptation
Scale according to the Roy Adaptation Model. Face to face
interview method was used and it lasted 15—30 minutes for
each patient.

Development of the scale. Content validity. First, to de-
velop the scale, an extensive literature review was conducted
to assess all general scales on adaptation and effect factors
related to type 2 DM such as diet, diabetes management,
family relationship, drug usage, physical exercise and psy-
chological acceptance of illness. Relevant and possible items
were pooled by researchers. 80 items were retained for further
evaluation. Second, An Expert Evaluation Form was sent to
an expert panel (including 5 nurse academicians, 5 medical
doctor, 1 psychologist, 2 diabetes nurses) who were conduc-
ting a study or providing education related to the subject of
this study by via e-mail. Each item was evaluated as follows:
1) the items was necessary and should remain in the pool;
2) the items was beneficial but not adequate; 3) the item
was not necessary. All the experts evaluated the scale items
independently from each other. The items that not related
to adaptation to the disease and with a content validity in-
dex (CVI) value less than 0.80 were removed from the scale.
The draft scale had 60 items. After evaluation, the scale’s
CVI score was found 0.90. This value shows that the content
validity of the scale was adequate.

Pilot survey. Finally, to obtain initial assessment of the
scale, the 60-item scale was piloted on 30 patients with type 2
DM to assess the readability, comprehension, and relevance
of the scale’s items to practice and psychometric properties.
8 items were removed because they were complicated and
difficult to understand, and the number of items in the scale
decreased to 52 from 60.

Final version of scale. The scale was developed as a
Likert type scale scoring from “5” Always to “1” Never. It
has 39 items and 4 sub-dimensions. the physiologic mode
sub-dimension by 17 items ranged between 17 and 85, the
role function mode sub-dimension with 13 items ranged
between 13—63, the self-concept mode sub-dimension with
6 items ranged between 6—30, the interdependence mode
sub-dimension with 3 items ranged between 3—15. The
total score of the scale ranged between 39—195. It shows
that as the score obtained from the scale increases, the
adaptation of the individuals to the disease also increases.
While calculating the scale score, items 11, 18—30, 37—39
are scored by reversing.
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Statistical analysis. The descriptive statistics were pre-
sented as frequencies, percentage, means and standard devia-
tion. The Pearson correlation and Cronbach were calculated
for reliability analysis of items. The Keiser-Mayer-Olkin
(KMO) test of sampling adequacy and the Barlett sphericity
test were used to understand whether the scale was appro-
priate for factor analysis. Data analysis was performed using
The Statistical Package for the Social Sciences (SPSS) 18.0
and LISREL 8.8 package programs. A p-value < 0.05 was
accepted as an indicator of a significant difference in statis-
tical decision.

Ethical consideration. Written permission was obtained
from Atatiirk University Nursing Faculty and Erzurum
Atatiirk University Training and Research Hospital. During
data collection, verbal/written consent was obtained from
all participants, and it was reported that they could quit the
study at any time. The study complied with the Declaration
of Helsinki.

Limitations. The limitation of the study is that the parallel
form was not used, and the invariance of the scale was not
examined over time.

Results

Construct validity. To test the construct validity of the
factors extracted using confirmatory factor analysis (CFA).
CFA using AMOSv22 software was undertaken using maxi-
mum likelihood estimation. In the confirmatory factor
analysis (CFA) multiple criteria including goodness of fit
index (GFI), adjusted goodness of fit (AGFI), root mean
squared error of approximation (RMSA), comparative fit
index (CFI) were used to assess the fit of model to the mo-
del to data. Guidelines for testing model fit followed gui-
dance, GF1>0.90, CFI1>0.90, SRMR < 0.05 and the root
mean square error of approximation (RMSEA) < 0.05 [14].
The results evidenced adequate model fit: x2/SD = 3.54,
GFI = 0.89, AGFI = 0.87, CFI = 1.00, RMSEA = 0.079
and SRMR = 0.080 (Table 4). The t-value of all the items
was expected to be higher than 1.96. The data were evaluated
by using the asymptomatic covariance matrix and The Dia-
gonally Weighted Least Squares method (DWLS) estimation
method (Scientific Software International).

Structure validity. Before explanatory factor analysis,
KMO value of Roy Adaptation Model-based adjustment
scale was determined to be 0.872, and this value conformed
principal component analysis. Similarly, the results of the
Bartlett’s test (x> = 11037.409, p = 0.000) indicated that
the data were interrelated and conformed the factor ana-
lysis. The scale, which KMO and Bartlett’s test values were
appropriate, was administered explanatory factor analysis.
Table 2 shows items, factor loads and the explained vari-
ance regarding the Roy Adaptation Model-based adjustment
scale. As seen in Table 2, items 5, 6, 21, 22, 24, 33 and 50
were removed from the scale because they loaded to different
sub-dimensions, and the 7" item was excluded from the scale
because the factor load was low. Later, the scale items were
re-analyzed as seen in Table 3, and it was determined that the
items of the scale were collected in four sub-dimensions, the
items’ factor loads were higher than 0.30 and varied between
0.349—0.881. Four sub-dimension scales explain 53.33 % of
the total variance. In accordance with the Roy Adaptation

Model, these sub-dimensions were named as adaptation
to the physiological field, adaptation to the role function
area, compliance with the concept of self and mutual com-
mitment. In the explanatory factor analysis, due to the 8
items removed from the scale, the remaining 44 items were
examined by confirmatory factor analysis. According to the
confirmatory analysis, the t values of 5 items were lower
than 1.96 (between 0.82—1.86). These items were removed
from the scale and the number of items decreased to 39. As
seen in Table 4 in the confirmatory factor analysis, many fit
indices were used in order to examine the model fit of the
scale. Among these, the x*/SD value was determined to be
3.54, GFI 0.89, AGFI 0.87, CFI 1.00, RMSEA 0.079 and
SRMR was determined to be 0.080 (Table 4). As a result of
the relevant fit index values, it was decided that the model
was acceptable in this state.

Internal validity. In order to determine internal validity,
Cronbach’s a coefficient should be above 0.80 and item total
score correlations should be positive. Table 5 shows Cron-
bach’s a coefficient and item total correlations the regarding
the Roy Adaptation Model. It was determined that the Cron-
bach’s o value was 0.914 for Physiological field adaptation
sub-dimension, 0.879 was for role function area, 0.926 was
for the self-concept adjustment dimension and 0.744 was for
the mutual commitment area sub-dimension. As the deletion
of none of the items did not cause a significant increase in
the Cronbach’s a coefficient, none of the items were omitted
from the scale in this stage. The total Cronbach’s a value of
the scale is 0.899. All items of the scale were found to have
positive values (0.137—0.693) in terms of it.

Discussion

The aim of this study was to develop and test a new scale
for patients with type 2 DM to diabetes According to the
Roy Adaptation Model. The scale was established through a
2-stage process that examined the validity and reliability of
the new tool. The items in the scale should be homogenous
or similar to each other, and the best way for its statistical as-
sessment is the factor analysis [15]. While doing this through
the factor analysis, the main target is to determine under
which sub-dimensions the scale items will be gathered [16].

The emergence of the value obtained from the Kai-
ser-Meyer-Olkin Measure of Sampling Adequacy (KMO)
test carried out in order to determine whether the sample
group is adequate before performing the factor analysis [17].
In this study, the KMO value was determined to be 0.874.
That Bartlett’s test of sphericity is also found significant
shows that the sample size is good, and the correlation ma-
trix is suitable [18]. This value is also as requested in our
study. Although the 52-item scale that remained as a result
of expert opinion and pilot application had 50.84 % of the
variance explained, many items were also reduced to 44 items
due to either not being suitable for the sub-dimension it
was in or having problems being added to more than one
sub-dimension. Factor load lower than 0.30 or aggregation
in unrelated sub-dimensions is the reason for exclusion [19,
20] and 8 items were removed at this stage in this study. The
variance explained after the items were removed increased to
53.33 % and the factor load of all items was above 0.30. It was
assumed that the factor loads of the items were at the suffi-
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cient level. In addition to this, the fit index values of the Roy
Adaptation Model-based adjustment scale determined as a
result of the confirmatory factor analysis were determined
as follows: x*/SD as 3.54, GFI as 0.89, AGFI as 0.87, CFI
as 1.00, RMSEA as 0.079 and SRMR as 0.080. As a result
of the relevant fit index values, it was decided that the model
was acceptable in this state [21].

In our study, the Cronbach’s a coefficient of Roy Adap-
tation Model-based adjustment scale was determined to be
0.899. The item-total correlation is regarded as another mea-
sure of internal consistency. The item-total correlation coef-
ficient should be positive and at least 0.20 in order for an item
to be acceptable [18]. In this study, the item total correlation
of the scale varies between 0.137 and 0.693. The total score
correlations are at the sufficient level for the item analysis.
These findings show that the Roy Adaptation Model-based
adjustment scale that consists of 39 items has no problematic
item, and it has sufficient internal consistency [16].

The scale was developed as a Likert type scale sco-
ring from “5” Always to “1” Never. It has 39 items and
4 sub-dimensions. The physiologic mode sub-dimension
by 17 items ranged between 17 and 85, the role function
mode sub-dimension with 13 items ranged between 13—
65, the self-concept mode sub-dimension with 6 items
ranged between 6—30, the interdependence mode sub-di-
mension with 3 items ranged between 3—15. The total
score of the scale ranged between 39—195. It shows that
as the score obtained from the scale increases, the adapta-
tion of the individuals to the disease also increases. While
calculating the scale score, items 11, 18—30, 37—39 are
scored by reversing.

Conclusions

Roy Adaptation Model-based adjustment scale is a valid
and reliable measurement tool that can be used to evaluate
adherence to the disease in type 2 diabetes patients.

Table 1. Distribution of the demographic characteristics of the participants

Characteristics n %
Gender Men 199 66.8
Women 99 33.2
Not literate 59 19.8
Literate 96 32.2
. Primary school 70 23.5
Education Secondary school 34 11.4
High school 24 8.1
University 15 5.0
Marital status Married 261 87.6
Single 37 124
Housewife 86 28.9
Officer 33 11.1
Worker 28 9.4
Profession Self-employment 32 10.7
Retired 90 30.2
Farmer 20 6.7
Other 9 3
Alone 30 10.1
With partner/spouse 100 33.6
Living with who With partner/spouse and children 132 443
With partner/spouse, children and relatives 18 6.0
Other 18 6.0
Health insurance Yes 289 97.0
No 9 3.0
. Yes 131 44.0
Smoking No 167 56.0
Yes 27 9.1
Alcohol No 271 90.9
. . . Yes 87 29.2
Diabetes in family No 1 708
n Min-Max Mean SD
Age 298 28-91 59.51 9.24
Income (TL) 298 800-7000 2458.26 879.37
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Table 2. Factor structure of the Roy Adaptation Model-based adjustment scale (52 items)

(1]
s

Factors/Dimensions

28 | =2 | £3 | 82

£3 |38 |&c| ES
1 | I can keep my blood sugar level within the desired limits -0.112| 0.127 | 0.689 | 0.116
2 | I can choose the foods | eat during the day according to my diet and | can control myself -0.054| 0.325 | 0.618 | 0.055
3 | I can check if there are wounds on my feet 0.135 | 0.236 | 0.401 | 0.258
4 | | can take my insulin or diabetes medication as recommended 0.091 | 0.033 | 0.683 | 0.021
5 | | can feel changes in my blood sugar 0.672 | 0.107 | 0.220 | 0.014
6 | | can feel my blood sugar rise 0.660 | 0.023 | 0.263 | 0.076
7 | I find it difficult to diet when | am away from home 0.140 | 0.233 | 0.067 | 0.103
8 | | can keep my weight under control -0.2291-0.088 | 0.569 | 0.212
9 | | can measure my blood sugar myself -0.073| 0.316 | 0.576 | 0.023
10 | I can do the suggested exercises -0.525| 0.193 | 0.534 | 0.075
11 | | think the suggested exercises are suitable for my lifestyle 0.016 | 0.130 | 0.553 | 0.034
12 | 1 go to the doctor’s control at desired intervals 0.016 | 0.082 | 0.492 | 0.096
13| I can find a suitable time to use my insulin or diabetes medications -0.012| 0.009 | 0.743 | -0.056
14 | | forget to take my insulin or diabetes medication -0.088 | 0.063 | 0.492 | 0.023
15| I think | have enough knowledge to keep my blood sugar under control -0.142 | 0.462 | 0.559 | -0.167
16 | | have no difficulty in accessing information about diabetes -0.011| 0.347 | 0.392 |-0.269
17 | | think that the treatment | received regarding diabetes was planned specifically for me 0.021 | 0.165 | 0.598 |-0.040
18 | 1 think | have learned the information needed to control my blood sugar -0.058 | 0.446 | 0.516 |-0.143
19| I can also control my blood sugar during stressful times -0.096 | 0.192 | 0.485 | 0.066
20 | I think | will reduce complications by keeping my blood sugar at the desired level -0.309| 0.098 | 0.593 | 0.022
21 | I think that diabetes affects every moment of life -0.342 | 0.206 | -0.399 | 0.216
22 | | think that if | do not comply with diabetes treatment, | will experience complications related to the disease | 0.192 | -0.421 | 0.516 | -0.058
23 | Diabetes affects my psychology negatively 0.110 | 0.764 |-0.122| 0.122
24| I don’t care what other people think about my diabetes 0.686 |-0.062 | -0.256 | 0.090
25| | find it difficult to adapt to the limitations of diabetes 0.084 | 0.625 | 0.244 | 0.138
26 | | feel useless because of diabetes and its complications 0.274 | 0.746 | 0.178 | 0.094
27 | Diabetes and its treatment make me dependent on others 0.399 | 0.655 | 0.127 | 0.093
28 | | think that | am a burden to my family and friends because of diabetes and its treatment 0.377 | 0.689 | 0.105 | 0.064
29| My diabetes interferes with my future plans -0.295| 0.594 | 0.202 |-0.073
30 | | feel powerless in the face of life because of diabetes 0.284 | 0.802 | 0.087 | 0.069
31| | feel sad because of my diabetes 0.105 | 0.825 |-0.010| 0.097
32 | I'am worried about my future because | have diabetes -0.351| 0.571 | 0.215 |-0.089
33 | | make sacrifices to control my blood sugar 0.311 | -0.065 | -0.549 | 0.043
34| I feel inadequate to manage diabetes and its treatment -0.008 | 0.672 | 0.251 | 0.092
35| | feel physically weak because of my diabetes -0.049| 0.806 | 0.145 | 0.069
36 | My diabetes interferes with my daily activities (personal care, home-garden work, etc.) 0.113 | 0.759 | 0.135 | 0.035
37 | My diabetes reduces the pleasure/satisfaction | get from social activities (entertainment, sports, etc.) -0.097 | 0.668 | 0.270 |-0.076
38 | My diabetes does not interfere with my travels 0.744 | 0.019 |-0.132| 0.191
39| My diabetes does not prevent me from participating in social activities 0.794 | 0.068 | -0.078| 0.109
40 | Diabetes does not affect my ability to be as active as | want 0.640 | 0.133 |-0.071| 0.084
41 | Diabetes does not affect continuing my profession/job 0.678 | 0.263 |-0.109|-0.069
42 | Diabetes does not prevent me from fulfilling my role/duties in the family 0.794 | 0.140 [-0.185|-0.011
43 | Diabetes does not affect my social relationships with people 0.866 | 0.069 [-0.174|-0.007
44 | Due to my diabetes, | do not have difficulty in establishing social relations (friendship) with people -0.868 | -0.089| 0.159 | -0.006
45| My family distanced themselves from me because of diabetes -0.086| 0.172 | 0.037 | 0.719
46 | My friends distanced themselves from me because of diabetes -0.125| 0.209 |[-0.028 | 0.717
47| I think | cannot start a family because of diabetes 0.295 |-0.140| 0.019 | 0.611
48 | Ever since | was diagnosed with diabetes, | have been feeling lonely -0.253| 0.278 | 0.306 | 0.421
49 | Diabetes does not affect my relationships with my friends 0.444 | 0.004 | 0.009 | 0.535
50 | Diabetes does not affect my leisure activities/hobbies 0.756 | 0.014 | -0.100| 0.135
51| I get the emotional help and support | need from my family 0.296 | 0.183 | 0.190 | 0.448
52 | | think my friends want to help me with my diabetes 0.372 |-0.054 | 0.028 | 0.666
KMO value 0.872
Bartlett’s test x* =11037.409, p = 0.000
Explained variance (%) 15.799 [ 15.658 | 13.526 | 5.859
Total explained variance (%) 50.842

52
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Table 3. Factor structure of the Roy Adaptation Model-based adjustment scale (44 items)

Factors/Dimensions
glg S| & | S :
g E Items g g 2 |8 g
= s _— [x) E % [-}]
HE 2| 5 | 28|88
=Z|o (5 (7] oc | E
1| 1 | I can keep my blood sugar level within the desired limits 0.112 [-0.133| 0.699 | 0.103
2 | 2 | I can choose the foods | eat during the day according to my diet and | can control myself 0.306 |-0.059 | 0.626 | 0.045
3 | 3 | I can check if there are wounds on my feet 0.272 | 0.047 | 0.349 | 0.299
4 | 4 | | can take my insulin or diabetes medication as recommended 0.041 | 0.059 | 0.664 | 0.037
5 | 8 | I can keep my weight under control -0.126 [ -0.173 | 0.623 | 0.167
6 | 9 | | can measure my blood sugar myself 0.285 |-0.055| 0.613 | -0.006
7 |10 I can do the suggested exercises 0.155 |-0.455| 0.591 | 0.028
8 | 11| I think the suggested exercises are suitable for my lifestyle 0.124 | 0.010 | 0.553 | 0.035
9 |12 | | go to the doctor’s control at desired intervals 0.032 | 0.070 | 0.562 | 0.061
10 [ 13 | | can find a suitable time to use my insulin or diabetes medications 0.011 {-0.021| 0.740 |-0.050
11 | 14 | | forget to take my insulin or diabetes medication 0.045 [-0.079| 0.512 | 0.016
12 | 15| I think | have enough knowledge to keep my blood sugar under control 0.470 |-0.167 | 0.539 |-0.166
13|16 | | have no difficulty in accessing information about diabetes 0.336 | 0.014 | 0.403 |-0.278
14117 | | think that the treatment | received regarding diabetes was planned specifically for me 0.175 [-0.002 | 0.570 |-0.031
15(18 | I think | have learned the information needed to control my blood sugar 0.443 |-0.078 | 0.513 |-0.150
16 [ 19 | | can also control my blood sugar during stressful times 0.157 |-0.062 | 0.532 | 0.030
17120 | | think | will reduce complications by keeping my blood sugar at the desired level 0.098 [-0.299 | 0.585 | 0.015
18 | 23 | Diabetes affects my psychology negatively 0.725 | 0.156 [-0.065| 0.103
19|25 | | find it difficult to adapt to the limitations of diabetes 0.581 | 0.131 | 0.306 | 0.105
20|26 | | feel useless because of diabetes and its complications 0.748 | 0.277 | 0.180 | 0.107
21 | 27 | Diabetes and its treatment make me dependent on others 0.656 | 0.401 | 0.135 | 0.110
22 | 28 | | think that | am a burden to my family and friends because of diabetes and its treatment 0.698 | 0.366 | 0.102 | 0.085
23 129 | My diabetes interferes with my future plans 0.626 |-0.321| 0.171 |-0.057
24|30 | | feel powerless in the face of life because of diabetes 0.797 | 0.300 | 0.103 | 0.074
25|31 | | feel sad because of my diabetes 0.826 | 0.098 |-0.003| 0.110
26 | 32 | | am worried about my future because | have diabetes 0.590 |-0.347| 0.206 |-0.087
27 | 34 | | feel inadequate to manage diabetes and its treatment 0.651 | 0.007 | 0.282 | 0.076
28 | 35 | | feel physically weak because of my diabetes 0.797 |-0.020 | 0.173 | 0.060
29 | 36 | My diabetes interferes with my daily activities (personal care, home-garden work, etc.) 0.781 | 0.085 | 0.112 | 0.067
30 | 37 | My diabetes reduces the pleasure/satisfaction | get from social activities (entertainment, sports, etc.) 0.699 |-0.143 | 0.221 |-0.043
31|38 | My diabetes does not interfere with my travels -0.013 | 0.789 |-0.083| 0.177
32 |39 | My diabetes does not prevent me from participating in social activities 0.041 | 0.840 |-0.039 | 0.095
33140 | Diabetes does not affect my ability to be as active as | want 0.092 | 0.714 |-0.010| 0.059
34| 41 | Diabetes does not affect continuing my profession/job 0.261 | 0.702 |-0.100 | -0.053
35|42 | Diabetes does not prevent me from fulfilling my role/duties in the family 0.127 | 0.825 |-0.169 | 0.005
36 | 43 | Diabetes does not affect my social relationships with people 0.063 | 0.879 |-0.167| 0.009
37 | 44 | Due to my diabetes, | do not have difficulty in establishing social relations (friendship) with people —-0.085| 0.881 | 0.155 |-0.023
38| 45 | My family distanced themselves from me because of diabetes 0.193 (-0.115| 0.007 | 0.752
39|46 | My friends distanced themselves from me because of diabetes 0.236 (-0.170|-0.068 | 0.752
40 |47 | | think | cannot start a family because of diabetes -0.123 | 0.243 |-0.010 | 0.641
41 | 48 | Ever since | was diagnosed with diabetes, | have been feeling lonely 0.281 [-0.238| 0.312 | 0.420
42 | 49 | Diabetes does not affect my relationships with my friends -0.012 | 0.446 | 0.030 | 0.516
43 | 51 | | get the emotional help and support | need from my family 0.156 | 0.334 | 0.232 | 0.428
44152 | | think my friends want to help me with my diabetes -0.085| 0.389 | 0.068 | 0.642
KMO value 0.874
Bartlett’s test X2 =9040.243, p = 0.000
Explained variance (%) 17.719]14.431[14.374 | 6.804
Total explained variance (%) 53.328
Table 4. Results of goodness of fit indicates
Index Normal value Acceptable value The value found in this study
x4/SD <2 <5 3.54
GFI >0.95 >0.90 0.89
AGFI >0.95 >0.90 0.87
CFI >0.95 >0.90 1.00
RMSEA <0.05 <0.08 0.079
SRMR <0.05 <0.08 0.080
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Table 5. Item-total correlations and values of Cronbach’s a of the Roy Adaptation Model-based adjustment scale

B
5B
ltems =5| 2 2
Total Cronbach’s a = 0.899 =% 82
= T | 2 E
| o 55|52
= £D =0 | Oox
Physiological area [Cronbach’s a = 0.914]
1 | I can keep my blood sugar level within the desired limits 3.04 | 0.98 |0.409 |0.897
2 | I can choose the foods | eat during the day according to my diet and | can control myself 3.16 | 0.97 |0.551]0.895
3 | I can check if there are wounds on my feet 3.05 | 1.22 |0.417 |0.896
4 | | can take my insulin or diabetes medication as recommended 3.86 | 0.92 |0.387|0.897
5 | | can keep my weight under control 2.61 | 1.21 |0.205 [0.900
6 | | can measure my blood sugar myself 3.36 | 1.20 [0.510|0.895
7 | | can do the suggested exercises 2.76 | 1.25 | 0.312[0.898
8 | I think the suggested exercises are suitable for my lifestyle 3.62 | 1.10 | 0.394 |0.897
9 |1 go tothe doctor’s control at desired intervals 4.08 | 1.01 | 0.325|0.898
10 | I can find a suitable time to use my insulin or diabetes medications 4.07 | 0.90 [0.388|0.897
11 | I forget to take my insulin or diabetes medication 4.02 | 0.94 |0.269|0.898
12 | I think | have enough knowledge to keep my blood sugar under control 3.18 | 1.01 |0.535|0.895
13 | I have no difficulty in accessing information about diabetes 3.30 | 1.13 | 0.424 |0.896
14 | | think that the treatment | received regarding diabetes was planned specifically for me 3.50 | 0.84 [0.416]0.897
15 | I think | have learned the information needed to control my blood sugar 3.28 | 1.01 |0.542|0.895
16 | | can also control my blood sugar during stressful times 2.28 | 1.12 |0.368 |0.897
17 | I think | will reduce complications by keeping my blood sugar at the desired level 3.64 | 1.01 [0.314|0.898
Role function [Cronbach’s a = 0.879]
18 | Diabetes affects my psychology negatively 3.69 | 1.24 |0.525(0.895
19 | I find it difficult to adapt to the limitations of diabetes 3.26 | 1.09 |0.623|0.893
20 | | feel useless because of diabetes and its complications 424 | 0.98 |0.693(0.893
21 | Diabetes and its treatment make me dependent on others 4.36 | 0.92 | 0.633|0.894
22 | | think that | am a burden to my family and friends because of diabetes and its treatment 4.31 | 1.00 [0.630|0.894
23 | My diabetes interferes with my future plans 3.58 | 1.20 |0.426 |0.896
24 | | feel powerless in the face of life because of diabetes 3.93 | 1.12 | 0.691|0.892
25 | | feel sad because of my diabetes 3.63 | 1.26 |0.628 |0.893
26 | | am worried about my future because | have diabetes 3.42 | 1.20 |0.421|0.896
27 | | feel inadequate to manage diabetes and its treatment 3.73 | 1.03 |0.605|0.894
28 | | feel physically weak because of my diabetes 3.50 | 0.96 |0.654|0.894
29 | My diabetes interferes with my daily activities (personal care, home-garden work, etc.) 4.02 | 1.09 |0.627 [0.893
30 My diabetes reduces the pleasure/satisfaction | get from social activities (entertainment, 364 | 1.09 | 0550 |0.895
sports, etc.)
Self-concept [Cronbach’s a = 0.926]
31 | My diabetes does not interfere with my travels 2.91 | 1.56 |0.154 (0.902
32 | My diabetes does not prevent me from participating in social activities 2.80 | 1.36 |0.227 [0.900
33 | Diabetes does not affect my ability to be as active as | want 3.02 | 1.28 |0.249 (0.899
34 | Diabetes does not affect continuing my profession/job 2.74 | 1.26 | 0.304 |0.898
35 | Diabetes does not prevent me from fulfilling my role/duties in the family 3.04 | 1.37 [0.176 |0.901
36 | Diabetes does not affect my social relationships with people 2.91 | 1.54 |0.137]0.902
Interdependence area [Cronbach’s a = 0.744]
37 | My family distanced themselves from me because of diabetes 4.62 | 0.83 |0.235|0.899
38 | My friends distanced themselves from me because of diabetes 4.60 | 0.83 |0.210|0.899
39 | Ever since | was diagnosed with diabetes, | have been feeling lonely 4.09 | 1.00 |0.367 (0.897
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AOCAIAXKEHHS PO3BUTKY LLUKOAU GACNTALIT HO OCHOBI MOAEAi Pon
Y NALIEHTIB i3 LYKpOBUM Aia6eTom 2-ro Tuny

Pe3tome. Axmyaavnicme. 17151 3a1106iraHHs yCKJIaqHEHHSM LIyKPO-
BOTrO AiabeTy JIoAMHA MOBUHHA PETyJII0BaTH CBili pallioH Xap4yyBaH-
Hs1 1 pi3MYHY aKTUBHICTb BiJIIOBIIHO 10 peKOMEHIALill Jikapsi,
MPaBUIbHO 3aCTOCOBYBATH JIIKM Ta 3IiACHIOBATH CAMOKOHTPOJIb.
KTt 3 XpOHIYHOIO XBOPOOOIO MOTPEOYE peTeIbHOI YBar 10 Tila-
HyBaHHSI MOBCSKACHHOI MisSTbHOCTI Ta JOTPUMAaHHS CIIOCOOY XKUTTSI.
‘Memoro € NOCITIKEHHSI PO3BUTKY 1IKaJIM a/ianTallii Ha OCHOBI MoJie-
J1i Poii, 1110 103B0JIsIE BUBHAYNTY PiBeHb MIPUXUIBLHOCTI 10 JTiKyBaH-
HsI B TIALLIEHTIB i3 LIyKpOBUM J1iabeToM 2-ro Tuny. Mamepiaau ma me-
moodu. MeTo10JI0TIYHO CIIJIAaHOBaHE TOCiIKEHHST OYJ10 MPOBEACHO
3a y4acTio 298 naiieHTiB, sIKi 3BepHYJINCS 10 €eHIOKPUHOIOTIYHOT
KJIiHiKM YHiBepCUTETCHKOI JIikapHi B mepion 3 uepBHs 2018 p. 1o
TpaseHb 2019 p. [j1s1 300py AaHUX BUKOPUCTOBYBAIU iHAUBIAYAIbHY
iHdopmMmauiitny (popmy nauieHTa Ta 3a3HaueHy 1kany. Ha nepiiomy
eTarti JOCTiIKeHHS] CTBOPEHO T1yJ1 3aIUTaHb, SIKUi 3rOI0M Ha/ICHU-
JIaJiv eKCIiepTaM sl IPOBEACHHS aHAIITUYHOI oLliHKY. [TouaTKkoBe
MJIOTHE TOCITIIKeHHS 3a y9acTio 30 0cib 3romom OyJ10 3aCTOCOBaHO
110 BCi€i BUOIpKU XBOpUX. MeToAUKY MiATBEPAXKYIOUOro i MOSICHIO-
BaJIbHOTO aHaJli3y BUKOPUCTOBYBAJIM JUISI BUZHAYEHHSI BaIiIHOCTI
1IKaJu, a IPUAATHICTh, HAOOPY JaHMX AJIsSI aHali3y OLIiHIOBAIM 3a
noromoroio tectiB KMO i baptierra. [List OLiHKM BHYTPilLIHBOT

BaJIiIHOCTI 1LIKaJIM BUKOPUCTOBYBaM KoediuieHT o KpoHbaxa Ta
3arajibHy KopeJsiuio. O6podKy JaHUX MPOBOAMIIN 32 TOMOMOTOIO
naketHux riporpam SPSS 17 i LISREL 8.8. Pe3yasmamu. I1posenena
ekcriepramu ouiHka wkanu KGI cranosuna 0,90. ¥ pesynbrari exc-
MEPTHOTO BUCHOBKY Ta MiJIOTHOTO BIPOBAIXKEHHSI KUTbKICTh 3aITi-
TaHb 3MeHIIMIAach 10 52. 3HaueHHs1 KMO 3a 111Kajioio 10piBHIOBAIO
0,874, pesynwratu Tecty baptierra: x*= 9040,243, p = 0,000. bysio
BCTAHOBJICHO, 110 (haKTOPHI HaBaHTaXKEHHSI BCiX €JIEMEHTIB IIKa-
nn niepesutyBaiu 0,30, 3araibpHa gucrepcist craHosuia 53,33 %,
i BOHA cKJIajgajgacs 3 YOTUPHOX MiABUMIpIiB. Y MiATBEPAKYIOUOMY
(bakTopHOMY aHasi3i oTpuMaHo HacTyrHi gaHi: x2/SD 3,54, GFI
0,89, AGFI1 0,87, CFI 1,00, RMSEA 0,079 i SRMR 0,080, a kinb-
KicTb esleMeHTiB 3meHIacs 1o 39. KoedimienT o Kponbaxa mika-
JI1 3 yoTUpMa miaBuMipamu i 39 nyHkramu gopisHiosas 0,899, a
KOPEJISILLsT BCIX MyHKTIB i3 3araJibHOIO OL[IHKOIO OyJ1a MO3UTUBHOIO.
Bucnoexu. 111kana aganTauii Ha ocHOBi Moznei Poii € peaabHUM i
HaIiiHUM iIHCTPYMEHTOM BUMIpIOBaHHSI, SIKUI MOKHA BUKOPUCTO-
BYBaTH /I OLIIHKYM MPUXUJIBHOCTI 10 JIIKyBaHHS B TAlli€HTIB i3
LIYKPOBUM [1iaOeTOM 2-TO THILY.

Kiouosi cjioBa: uykposuii giabet; ananTauiiina moneab Poii;
nrKaia
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Yp6aHosm4 A.M., BeperymHcbka Al

/\bBIBCbKUW HALIOHAABHU MEANYHN YHIBEpCUTET iMeHi AQHUAQ [QAMLIKOrO, M. /AbBIB, YKpQIHQ

PoAb NPOOAPEHOMEAYAIHY B MPOrpeCcyBAHHI
Ala6eTNYHOT XBOpOOU HUPOK Y NALIEHTIB
i3 LYKPOBUM Aic6eToMm 2-ro Tuny

Pe3tome. AktyanbHicTb. Llykposuii giabet 2-ro uny (L42) € XpoHi4HUM 3axBOPIOBAHHSIM, MOLLUMPEHICTb SKOro
LyopidHo 3poctae. MetaborniyHi 3MiHV Ta 3ananeHHs1, CApudYnHeHi rinepriikemieto npy A2, npnssogaTs 4o no-
ripLUeHHSs1 QyHKLIOHAIbHOro cTaHy HUpoK. [Hiabetn4Ha xsopoba Hupok (OXH) — nolumpeHe ycknagHeHHs L2
Ta nposigHa npu4mnHa TepMiHaibHOI cTagii HMpKoBoi HegocTaTHoOCTI. M gocnigxysanu nPOrHOCTUYHY LiHHICTb
npoagpeHomenyniHy (Pro-ADM) sk HeTpaauuiviHoro 6iomapkepa nporpecyBaHHs HUPKOBUX MOPYLLEHb Y naLieH-
TiB 3 4/J2. Meta: gocnigntn posib rnpoagpeHoMenysiHy B rporpecyBaHHi fiabeTndHoi XBopobu HUPOK B OCI6 i3
yykpoBum giabetom 2-ro Tury. Marepiann Ta merogun. O6¢cTexeHo 86 nauieHTiB 3 L2 ta AXH. JocnigxeHHs
rpOBOANIIOCA Ha KIIHIYHIV 6a3i kagenpy eHAoKpUHOIOrii JTbBIBCbKOro HaLioHalbHOro MEAUYHOIo YHIBEpCUTETY
im. Jannna Fannybkoro — y JIbBiBCbKOMY 0671aCHOMY [EePXaBHOMY KIIIHIYHOMY JliKyBasibHO-4iarHOCTUHHOMY €H-
LAOKPUHOOriYHOMY LeHTpi. NayieHTiB po3gineHo Ha 3 rpynv BigrnoBigHO 4O CTYNeHIB pyu3nKy nporpecyBaHHsa JXH.
Kpim cTaHgapTHUX KIliHIKO-11abopaTopHUX 06CTEXeHb, XBOPUM BUMIpHOBaiv KOHUeHTpauyito Pro-ADM y cuposaryi
Kposi. OTpumMmaHi Ungposi faHi 06pobrieHo cTaTUCTUYHO, 3 OLIHKOIO PiBHSI BipOrigHOCTI Ta KOpensyiiHix B3ae-
Mo3B’a3kiB. Pesynbtatu. PiseHb Pro-ADM B ycix gocnigpxysaHux nauieHtis 3 42 ta JXH 3Ha4HoO 3miHoBaBcs
3anexHo Bif cTyneHs nporpecysarHa AXH. Y rpyni 1 piseHs Pro-ADM ctaHosus 19,65 + 0,98 nMmons/n, y rpymni 2 —
35,15 + 2,46 nmonb/n, a 'y rpyni 3 — 72,02 + 2,82 nMosb/N1. Pe3ynbratv nokasasnau BiporigHe nigBULLEHHS piBHSI
Pro-ADM BignosigHo [o nporpecysarHHs JXH (p < 0,001). lNposeneHo kopensuyivinui aHania mix Pro-ADM i Bikom
nayieHTiB, TpMBasIiCTHO 3aXBOPHOBAHHS, PIBHEM r7likoBaHOro remorniobiHy (HbA1c), 3aaranbHum xonectepuHom, ce-
4YOBUHOIO, KpeaTuHiHoM, pLLIK®, anbbymiH-kpeaTuHiHoBumM cniesigHoLueHHsM (CAK). BusineHo y rpyni 1 npamui
cnabkuii kopenayivinni 38’a3ok Pro-ADM 3 Bikom (R = 0,02; p < 0,01); piBHem xonectepuHy (R = 0,03; p > 0,05);
ceqoBuHu (R1 =0,17; p < 0,01); kpeatuHiHom (R = 0,12; p < 0,01); CAK (R = 0,16; p < 0,01). [Npamuvi nomipHui
KopensavuiviHui 38’830k crioctepirascs 3i Tpusanictio L2 (R = 0,39; p < 0,05) Ta pisHem HbA1c (R = 0,31; p < 0,05).
Takox BM3Ha4YeHO NMOMIPHUI 3BOPOTHMI 3B’30K 3 pLLIK® (R =-0,51; p < 0,01). Y rpyni 2 crniocTtepirascsi npsimuii
cnabkuyi kopensayivinui 38'30k Pro-ADM 3 Bikom (R = 0,12; p < 0,01); Tpusanictio L2 (R = 0,28; p < 0,05); piBHeEM
3arasnbHoro xonectepury (R = 0,06; p > 0,05) ta ceqoBuHn (R = 0,06; p > 0,05). [Npsimuii TOMipHUY KOpenayiviHuii
3B’5130K crioctepirascs 3 pisHem HbA1c (R = 0,31; p < 0,05); kpeatuHiHy (R = 0,47; p < 0,01) Ta CAK (R = 0,32;
p < 0,01). Takox BUSIB/IEHO NOMIPHUV 3BOPOTHWMI 3B’530K 3 pLUIK® (R = —-0,33; p < 0,01). Y rpyni 3 BusHa4aBcs
npsimuii cnabkuvi kopensauiviHuii 38’130k Pro-ADM 3 tpusanictio L2 (R = 0,24; p < 0,05) Ta piBHem 3arasibHoro
xonectepuHy (R = 0,19; p > 0,05). [Mpsamuii nomipHWi KopensauiviHui 38'a30K npocrigkoBysascs 3 BikoMm (R = 0,53;
p <0,01); 3 piBHem HbA1c (R = 0,33; p < 0,05); ceqoBuHn (R = 0,42; p > 0,05); kpeatuHiHy (R = 0,34; p < 0,01) Ta
CAK (R =0,36; p < 0,01). Takox BUABIEHO CUIbHWI 3BOPOTHWMY 3B'5130K 3 pLUUIK® (R = -0,71; p < 0,01). BUCHOBKM.
BusisneHo BiporigHe nigBuLyeHHs1 piBHs Pro-ADM y nayieHTis 3 {12 3anexHo Big rnporpecysarHs JXH. BussreHi
KopesnsayiviHi 38’13ku Mk Pro-ADM Ta kniHiYHUMY nokadHukamm L2 vi pyHKLIOHaIbHOro cTaHy HUPOK CBig4arb
npo Te, 1o piseHb Pro-ADM nos’sa3aHuvi 3 nporpecysaHHsm JXH. L|i pe3ynbrat BKa3ytoTb Ha BaXX/IMBICTb BU3HA-
4YeHHs1 Pro-ADM sik nOTeHYiviHOro mapkepa 4s18 OUiHKM MporpecyBaHHs HUPKOBUX NOPYLLEHb y nauieHTiB 3 L[J2.
KnroyoBi cnoBa: yykposuii giabet 2-ro Tuny; giabeTnqHa x80po6a HUPOK; (yHKLIOHAIbHWMY CTaH HUPOK; Mpo-
anpeHomMenyniH
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Bctyn

LlykpoBuii niadet 2-ro Tuny (LI2) € onHuM i3 Haii-
MOIIMPEHIIINX XPOHIYHHUX i IIBUAKO IIPOrPeCcyOUnX HeiH-
deKIifHMX 3aXBOPIOBaHb OCTAHHIX NECATUIIITh. 3TiIHO 3
JaHUMU ocTaHHboro BugaHHs Diabetes Atlas MixkHapogHOi1
niabetnyHoi denepatii (IDF), rmobansHa nommpenicts L]
cepen nopociux y 2021 pouti cranosuna 10,5 % HaceneHHs..
OuikyeTbes, mo 1o 2045 poky meil moKa3HUK 3pOCTe I0
12,2 % [1].

112 € xpoHiYHUM MeTa0OJiYHUM 3aXBOPIOBAHHSIM,
sIKe BIUTMBA€E Ha BCi CUCTEMU OPTaHi3My, CIIPUYUHSIOUN
PO3BUTOK CEPMO3HMX ycKIanHeHb. Ha sSKicTb KUTTS oci0
3 [1J12 3HaYHO BIJIMBAIOTh MiKPO- i MAKPOCYIMHHI YCKIa-
HEeHH:, a He cama HasgBHicTh LI/I. BimoMo, 1o i yckiiam-
HEHHSI TTOCTYMOBO MOIIKOMXYIOTh KDOBOHOCHI CYAUHU
TKaHWH Ta TTOYMHAIOTh PO3BUBATUCS ITiCJIS MIEPIINX TBOX
POKIiB BilI IMoyaTKy 3aXxBopioBaHHs. HaykoBi mociimKeHHs
MOKa3yIOTh, 110 cepeaHs TpuBamicTh LI/12 mo BcTaHOBIEH-
Hsl IiarHO3Yy MOXe csiraTu 4—7 poKiB, i 11e Oijblle yacy
MUHAE€, Teplll HixX Oy/Ib-5Ki KJIIiHIYHI MPOSIBU CTAIOTh OYe-
BuaHuMMU. [linTBepmxeHHsaM 1poro € naHi IDF nipo te, 1o
B €Bpori noHan 36 % sumnanxis L1 y topocioro HacesieH-
HSI 3aJIMILIAI0ThCS HEe BUSIBJICHUMMU BITPOJOBX TPUBAJIOTO
yacy [1, 2]. Lle BrinBa€e Ha CBO€EYACHICTh MPOMITAKTUYHUX
3aX0/IiB, SIKiCTb JIIKYBaHHS, a TAKOX ITOCUITIOE PU3UK PO3-
BUTKY YCKJIaJHEHbD.

OnHuM i3 HallyacTimMX i HalCepPHUO3HIIIUX yCKIIaI-
HeHb LIJ1 € niabetnyHa xBopoba Hupok (JIXH), sika mae
3HAYHYy MOIIUPEHICTh Y Bchbomy cBiTi. JIXH € ocHoBHOIO
MPUYUHOIO TEPMiHAJIBHOI CTaii XpOHIYHOI HUPKOBOI HEe-
npocrtaTHoCTi. Maiixe B 40 % nawienTis i3 1IJ12 po3BuBa-
erbest IXH [3, 4]. 3azBuvaii JIXH posrinsaanu sik 3axBo-
PIOBaHHS, SIKE MPOSIBJISIETHCS He3aMaJlbHUM YPaXXEeHHSIM
Kiy0oukiB. s Touka 30py 6a3yBanacs Ha KIaCUYHUX
deHOTHUMNAX, OTHAK HEIIOAaBHI JOCTiIXKEHHS MOCTaBUIN
i CYMHIB aKTYyaJIbHICTb X (DEHOTUIIIB, IPONOHYIOUN
OiJIbII KOMILJIEKCHE po3yMiHHs matorenesy JAXH [5, 6].
Ha cproronni BctaHoBieHHs aiarHo3y JIXH rpyHTyeTbCcs
Ha TIOENHAHHI albOYMiHYpii Ta 3HUXXEHHS PO3paXyHKO-
BOI IIBUAKOCTI Ki1y6oukoBoi ¢inbrpanii (pIIK®D), ske
TpUBa€ moHaxm 3 Micsii. ATbOyMiHypisl — I1Ie TTOCTiliHe
MiABUIIEHHSI eKCKpellil aiIbOyMiHy i3 ceyero, 110 BU3Ha-
JaEThCS SIK CIIBBIAHOMIEHHS albOyMiHY/KpeaTuHiHy
(CAK) [3, 4]. 3amxenns plIIK® e HacinigkoM BTpaTu
(GYHKIIiT HUPOK i 3HAYHOTO PYMHYBaHHS CTPYKTYPHUX
oauHUIb HUPOK. st ouinku plIIK® mixxHapogHUMU
HacTaHOBAMU PEKOMEHYETbCS BUKOPUCTAHHS (popMy-
1 Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI), sixa 6a3yeTbcsl Ha piBHi KpeaTUHiHY, BiKy Ta
cTaTi mamieHTa [7].

Panng miarHocTnka cymuHHUX yckiaamgHeHb LIJI, 30-
kpema JIXH, mae BupiliaabHe 3HAaY€HHS IJ1 YIIOBiIb-
HEHHS$ NPOTPECYIYOTO 3HUXEHHS (PYHKIIIOHATBHOTO
CTaHy HUPOK i 3MEHILIEHHS HECTIPUSATIUBOTO MPOTHO3Y.
AXH € cknagaum maTodi3ioorivyHIM IpoLecoM, SIKUi
BKJIIOYA€ TPU OCHOBHI Me€XaHi3MU: MeTa0OTiYHUI, TeMO-
IVMHAMIYHUM Ta 3amaJbHuil. 30KpeMa, 3alajaeHHs, CIIpu-
YUHEHE TinepriikeMielo, MPU3BOAUTH J0 MOIIKOIKEHHS
HUPOK i pidpo3y, Bidirpae mpoBiaHy pojb Yy PO3BUTKY Ta
nporpecyBaHHi JIXH. Lle no3Bosisie meperissHyTH Kiia-

cuuHi penHorunu AXH, momatoun 1o HUX HOBI aCMEKTH,
SK-OT iIMyHHI Ta 3anajbHi Mapkepu. 3anajibHi npoiecu
HaOyIu Bce OibIIoro 3HaueHHs B nporpecyBanHi JAXH i
CIPUYMHUIN PO3pOOKY Ta MOCiIKEHHSI HOBUX OioMap-
kepiB [3, 8, 9].

OnHUM i3 HOBUX, ITOKH IO HEeTpaAuLiiiHUX OioMap-
KepiB HUPKOBUX nopyleHb rpu LIJ12 € mpoaapeHomeny-
n1iH (pro-ADM). Bin akTMBHO BUBYA€ETHCS SIK OioMapKep
CYIMHHMX TTOLIKOIKEHb, 3aMajeHHs Ta eHA0TeialbHOL
IUCcYHKIIII, IKi € OMHUMH i3 paHHIX Ta BaXJIUBUX KOM-
MMOHEHTIB maroreHe3y yckiagHeHb LIJI. Cepenapoperio-
HaJIbHUI MpoaapeHOMeyJliH — Ba30aKTUBHUMI MENTU
3 KOPOTKUM IIepioJoM HamiBBUBeAeHHs. BiH € okpeMum
(parmeHTOM MONEpeTHUKA aIPEHOMEAYTiHY, YTBOPIOETh-
Csl B €KBIMOJISIPHUX KOHIEHTPALLiSIX i 4ac po3IeTeH-
Hs1. Lleit menTum Jerko BU3HAYa€ThCs B 3pa3Kax KpoBi Ta
BBaXKA€THCS CTAOILHMUM CypOTaTHUM MapKepoM aapeHo-
Menyniny [10, 11].

Pro-ADM € BazomuiataTopoM, SIKUI BILUIMBA€E Ha
MeTaOOoIiYHUI | CYTUHHUI TOMEOCTa3 Ta CKJIANAETHCS 3
47 amiHOKMCIOTHUX TenTuaiB. CeKpeTyeTbCsl €HAOTETi-
QJIbHUMU KJIITUHAMU CYyJIMH, TJIAAKOM’ SI30BUMU KIIITU-
HaMU, HUPKOBUMMU KJIiTUHaMu (y KJIyOOuKax, IMCTallb-
HUX KaHaJbLSX, KOPTUKATbHUX i MEAYIIPHUX 30ipHUX
MPOTOKAX), MO3KOBOIO PEUOBMHOIO HAIHUPKOBUX 3aJ103,
KapaioMiolMTamMu, aaBeHTULiaTbHUMU (idpodiaacTaMu,
a TAaKOX agumnouuTaMu. Mae riefioTpornHy Jito, a came:
MPOTHUJII€ 3aMlaJIEHHIO, MEePELIKOAXAE PE3UCTEHTHOCTI A0
IHCYJIiHY, Ma€ aHTUOKCHIAHTHY Mil0, iHTiOye ceKpelilo
IHCYJIIHY 3 TAaHKPEAaTUYHUX OCTPIBIIiB, a TAKOX MPUTHIYY€E
npoJigepalliro Me3aHTiaJbHUX KIiTUH. Bizomo, 1110 minBu-
1eHHs piBHS pro-ADM y cupoBaTiii KpoBi CBiTYUTh PO
3anajeHHs, illeMilo Y TiMOKCilo TKAHWH, 110 IPU3BOIUTH
IO VIIKOMXKEHHS CyauH. 3MiHa KOHIIeHTpallii pro-ADM
HanpsiMy BIUIMBA€ Ha MeTab0J1i3M Ta IPU3BOAMUTh 10 METa-
0O0JIIYHOTO CUHAPOMY, iHCYTiHOPE3UCTEHTHOCTI, OXKUPIiHHS
ta LIA2 [10—13].

YV Hupkax pro-ADM BUKOHY€E PEHONPOTEKTOPHY
(byHKIi10 ISIXOM 30i7bIIIEHHSI HUPKOBOTO KPOBOTOKY,
peryialo€e akKTUBHICTh peHiHy, 3amobirae Tyoya0iHTep-
cTuliaabHOMYy Gibpo3y Ta mposidepalii HePpOILUTIB.
Mae BnuB Ha nipsimi ¢akTopu po3Butky JAXH, a came:
HUPKOBY reMoauHaMiky, 3HuxeHHs plIIK®D, okucHuit
cTpec, MpoayKIlito Ta Aito aHrioreH3uny I, mpoide-
paluilo Me3aHriaJbHUX KJIiTUH, YTBOPEHHS aKTUBHUX
(bopM KHCHIO, MPOHUKHICTH KNyOoukiB [14]. BusHa-
yeHHs pro-ADM Moxe BimirpaBaTu BaXJUBY poOJib y
paHHIil miarHocTHuIi Ta mporHo3yBanHi AXH, momo-
Maralmydu y BYUaCHOMY BUSIBJIEHHI TOpPYIIEHb (DYHKIIi-
OHAJIBHOTO CTaHy HMPOK i BXMBaHHI 3aXOIiB IS iX
YOOBiJTbHEHHS.

OCKiJIbKM BCTAHOBJIEHO PEHOMPOTEKTOPHI BIAaCTUBOCTI
pro-ADM, 0Oyo 3po6yieHO TIpUMyIIEHHS PO KOMITeHCca-
TOPHY POJIb MiIBUIIEHHS KOHLEHTpalii aipeHOMEeayTiHY
TIpUY XPOHIYHIi# XBOpoOi HMpOK. [linBuilieHa KOHIIEHTpAIIis
LILOTO MENTUAY MOXe OYTH 3HAUYIIUM MPEAUKTOPOM TPO-
rpecyBaHHSI HUPKOBOI HEIOCTAaTHOCTI.

MeTta po6oTH: TOCIIIUTA POJIb NTPOAAPEHOMEIYJIiHY B
MporpecyBaHHi 1iabeTUYHOI XBOPOOM HUPOK B OCI0 i3 I1y-
KPOBUM Iia0eTOM 2-TO THITY.
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MaTepiaAn Ta MeToAmn

JocimkeHHs1 MpoBOAWIOCS Ha KJIiHiuHii 6a3i kadenpu
eHAOKpPHUHOJIOrTii JIbBIBCHKOTrO HalliOHATLHOTO MEINYHOTO
yHiBepcutety iM. Jlanuna lanuupkoro — y JIbBiBCbKOMY
o01acHOMY JepKaBHOMY KJIiHIYHOMY JIiKyBaJIbHO-/1iarHOC-
TUYHOMY €HIOKPUHOJIOTIYHOMY LIEHTPI Y TIEpiofl 3 TIOTOTO
2022 p. o kBiTeHb 2023 p. Micssi OTpUMaHHS JOOPOBiIBHOT
MMCHMOBOI 3rOIM Ha MPOBENEeHHST 00CTEeXKEeHHS 3TiIHO 3
npuHuunamu lenbciHebkoi aekiapanii, Kousenuii Pagu
€Bponu mpo Mpasa JIOAMHU Ta OiOMEAUIIMHY 1 BiIMOBiI-
HUMU 3aKOHaMU YKpaiHU.

Kuiniyne nocnimkeHHs 0yJ10 cXBaJleHe KOMicCi€to 3 6i0-
etk JIbBIBCHKOTO HAlliOHAJbHOTO MEIUYHOTO YHiBep-
cutety iM. JJanuna lanunpkoro (mporokon Ne 1 3acimaH-
HS BYeHOI panu MenuuHoro daxyasreTy Ne 2 Bim 31 ciuHst
2022 p.).

Kpurepii BK1I0YeHHS NaLi€HTIB y JOCTiIKEHHSI: BiK 35—
70 pokiB, BctaHOBJIeHUI niarHo3 LIJ12, mopyiieHHs hyHK-
LIOHAJILHOTO CTaHY HUPOK, SIKi MiATBEepIKeHi JadopaTop-
HUMM MeTonamu nociimkeHHs (p LIK® > 30 mu/xB/1,73 M,
anpoyMiHypist > 30 mr/r). [TauieHTM Ha MOMEHT OTJISIY
3aCTOCOBYBAJIM LIYKPO3HIKYBaJIbHY Teparttito. [1pu po6oTi
3 malieHTaMu Oyna 3i0paHa iHdopmalis og0 aHaMHE3y
JKUTTS Ta 3aXBOPIOBaHHSI, 30KpeMa IIpo BiK Ta TPUBAIICTb
3aXBOPIOBaHHS. byiu mpoBeneHi aHTpOTIOMETPUYHI BUMi-
PIOBaHHS JJIsl BU3BHAYEHHS iHAEKCY MacU Tija. Y BimiOpaHuX
rpyrnax Maii€HTiB J0CIiIKeHO 1 MpoaHali30BaHO PiBeHb
riikoBaHoro remornno6iny (HbAlc), kpeaTuHiHY, CECHOBUHU,
3araibHOro xonectepuny (3XC). JlomaTkoBo BCiM Mmalli€eH-
TaM BUMipIoBaJiu KOHIeHTpalilo Pro-ADM y cupoBariti
KpOBi 3a JOIIOMOT010 Habopy 151 iMyHO(EpMEHTHOTO aHa-
nizy npoagpeHomenyiiny (Fine Test, Yxanub, Kurait). Pe-
depeHTHI 3HaueHHS 11boro nokaszHuka 0,781—50 nmoub/J1.
DyHKII110 HUPOK OLIiHIOBAIN LIIJISIXOM po3paxyHKy pLIIK®
3a ¢popmyrnoro CKD-EPI, 2009.

Posmnonin mauieHTiB 3a cTamissMM XpOHIYHOI XBOpoOU
HUPOK 31ilicHIoBaBcst Ha ocHOBI pIIIK®, 30kpema: cra-
mist 1: > 90 mu/xB/1,73 M?; cranist 2: 60—89 mu/xB/1,73 Mm%
cramisa 3a: 45—59 mu/x8/1,73 m?; cramist 3b: 30—44 mi/xB/
1,73 m?. CAK Bu3Ha4aIu 3a I0MOMOTOIO TECT-CMYKOK Mi-
croalbubuPHAN (Erba Mannheim, Yexist), siKki BUKopuc-
TOBYBAJIMCS JIJIS1 HAMiBKIJIbKICHOTO BU3HAYEHHS aJIbOYMiHY
Ta KpeaTHHiHy B paHKOBIil cedi. BigmoBimHO 10 piBHS allb-
OyMiHypii nalieHTiB noaiIsuin Ha Kkateropii: Al: < 30 mr/i;
A2: 30—300 mr/m; A3: > 300 mr/m.

JlocaimKkeHHsI BKITIOYasIo 86 Mali€HTIiB 31 BCTAHOBIEHUM
niarHo3oM LIJ12, SIKMX pO3AiIUIv HA TPU TPYITU, BiATIOBIIHO
IO CTYIIEHIB pu3uKy IporpecyBanns JXH 3a xriHidyHUMHT
pekomennaiisimu KDIGO Diabetes Working Group 2022
[15]. Ipyna 1 — 11e rpyma mamieHTiB 3 TIOMipHUM PU3NKOM
nporpecyBanHs IXH (pLLIK® craxii 1, 2 + Al, A2 a6o
cranisg 3a + Al), mo Bkiaovana 37 oci0, rpymna 2 — XBopi 3
BUCOKUM pu3nKoMm rporpecyBanusa JAXH (ctamis 1, 2 + A3,
abo cranis 3a + A2, abo cranis 3b + Al) — mana 33 yyac-
HUKM, a rpymna 3 3 ay>ke BUCOKUM PU3UKOM ITPOrpecyBaHHS
JXH (cranist 3a + A3 a6o cranis 3b + A2, A3) HaiuyBaia
16 oci0.

CratucTU4YHy 00pOOKY TPOBEACHO ITiCIsI CTBOPEHHS
6a3u maHux y Microsoft Excel (2021). 3HaueHHS KOXXHOTO
MoKa3HMUKa 00’enHyBaiu y BapiauiitHi psnou. KoxeH psin

MEePEBipsIM Ha HOPMAJIbHICTh po3Imoairy. OCKiIbKK CII0-
cTepiraBcs HOpMaJIbHUIA PO3MOMAiLN BapiaHTiB, MOKa3HUKU
MoJaHi SIK cepenHe apudMeTUIHEe i CTaHIapTHA ITOXMOKa
(M £ m, ne M — cepenHe apudMeTUIHe, M — CepeaHs
rmoxu6ka). /st mocaimKeHHsT BITMiHHOCTI MiX cepeaHiMu
3HAUYEHHSIMU BUKOpHUCTaHO t-KpuTepiit CthiogeHTa. BigmiH-
HOCTI MiX MOKa3HuKamu O0yiu BiporigHumu ripu p < 0,05.
Cury 3B’513Ky MixK 3MiHHMMM BU3HA4YaId 3a KoedillieHTOM
kopessuii [Tipcona (r). 3a HasiBHOCTI 3HayeHHsI T = 0,01—
0,3 cuna 3B°13Ky cinadka, npu r = 0,31—0,7 — momipHa, mpu
r=0,71—1,00 — cunbHa. [To3utnBHE 3HAUYEHHS KOedilli-
eHTa Kopesslii IlipcoHa mokasye mpsiMy 3a/IeXKHiCTh Mix
IMOKa3HUKAaMU, HeTaTUBHE — OOEPHEHY.

PesyAbTaTH

Y upoMy nociimkeHHi 0yJ10 oliHeHo piBeHb Pro-ADM,
1110 HAaBeIeHO Ha puc. 1, Ta IIPOBEIEeHO OLIIHKY 10ro B3a€-
MO3B’$SI3KiB 3 KJIIHIYHUMH Ta JJAOOPATOPHUMHU TTOKa3HUKaAMU
nawienTiB 3 LIJI2 i JIXH.

PesynbraTu nokaszanu BiporifHe minBuilieHHs piBHs Pro-
ADM BinnosigHo no nporpecyBanHs JIXH. HaiiBuiii nokas-
HUKY Oy BusiBiieHi B rpymi 3 (72,02 + 2,82 nMosnb/n), Tomdi
SIK y TPYITi 2 e TOKa3HKUK CTaHOBMB 35,15 + 2,46 Mo/,
ayrpym 1 — 19,65 £ 0,98 nmosb/i1.

BinzHaueHo BiporiHe MOPiBHSIHO 3 1-10 TPYIOO Min-
BUILIEHHSI MOKa3HuKa 2-1 rpynu y 1,8 pasa Ta moka3HuKa
B 3-ii rpymi y 3,6 pa3a. JloBeeHO CTATUCTUYHO 3HAUYILIE
nigBuieHHs piBHS Pro-ADM B ycix rpynax (p < 0,001), o
MMOTBEPIKYE HAyKOBY TiMOTE3y PO TiCHUI 3B’SI30K MiXK PiB-
HeM 1Iboro OioMapkepa Ta ctyneHem nporpecyBanHs JIXH.

YcTaHOBIEHO HASBHICTD MPSIMOIO CIAOKOI0 KOPEesi-
1LiitHOTO 3B’s13Ky MiX piBHsIMU Pro-ADM Ta Bikom y Tpy-
mi 1 (54,92 £ 1,32 poky) ta rpymni 2 (57,93 + 1,56 poky)
(R1=0,02; R2=0,12; p, ,<0,01). ¥ rpyni 3 (61,13 + 2,28
POKY) BUSIBJIEHO MPSIMUIA MOMipHUI KOPEJISILIIHUI 3B 130K
Mix piBHeM Pro-ADM Ta Bikom (R =0,53; p < 0,01).

Takox BUSIBJIEHO HAsSIBHICTh MPSIMO MPOIOPIIAHOTO
3B’s13Ky cepeaHboi cuiu Pro-ADM 3 tpuBaiictio L2 y
rpymi 1 (8,19 £ 1,06 poxy) (R1 = 0,39; p, < 0,05). Tpyma 2
Ta rpyna 3 Majiu cJaaOKuil pSAMUiA KOpeIsiLiiiHUi 3B 130K
3 TpUBATICTIO 3axBoproBaHHs (8,39 + 1,04 ta 10,18 + 1,12
poky BignosinHo) (R2 = 0,28; R3 = 0,24; p, , <0,05).
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PucyHok 1. PiBHi Pro-ADM B nauieHris i3 42
3asieXxxHo Big cTyneHs nporpecyBaHHs XH
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YcTaHOBIEHO HASIBHICTH ITOMIPHOTO KOPEISLIHOTO
3B’13Ky Pro-ADM 3 piBHem HbAlc y Bcix nociiaxyBaHUX
(9,23 £ 0,31 %; 9,53 £ 0,43 %; 9,91 £ 0,38 % BinnmosigHO
no rpyn) (R1=0,31; R2=0,31; R3=0,33; p, , , <0,05).

JlocniaKeHo HasIBHICTh CJIa0KOTO KOpeasliiiHO-
ro 3B’sa3Ky Pro-ADM 3 pisHem 3XC pocniaxyBaHUX
rpyn (5,55 + 0,22 mMmonw/a; 6,07 £ 0,29 mMmmonb/n;
6,11 £+ 0,36 mmoub/n BimmosinHo) (R1 = 0,03; R2 = 0,06;
R3=10,019; p, , ;> 0,05).

IlpoananizoBaHo kKopensdmio Mix piBHeM Pro-
ADM Ta cedyoBUHHU y AOCHIIKYBaHUX Tpynax. Y rpymi 1
(5,93 £ 0,25 mMoub/n) Ta rpymi 2 (6,21 £ 0,33 MmoJb/71)
BUSIBJIEHO c1abKuii kopessiuiiinuii 38’5130k (R1 = 0,17;
R2 = 0,06; p, , < 0,01). ¥ rpymi 3 (9,36 = 0,87 MmMoub/)
CIIOCTEPIra€ThCs MOMIPHUIA MPSIMUN KOPEJISIILIAHIIN 3B I30K
(R3=0,42; p,<0,01).

Takox oILiHEHO B3aEMO3B’SI30K MixX piBHeM Pro-
ADM Ta kpeaTuHiHOM. Y rpyni | BUSIBJIEHO MpsSMUit
Cc1abKMil KopeasiuiiHui 3B’s30K (piBeHb KpeaTUHiHY
92,04 + 2,62 mxmonp/n, R1 = 0,12; p < 0,01). V rpy-
nax 2 i 3 BUSIBJIEHO CepeaHbOI CHIU KOPEASLidHMUI
3B’30K (piBeHb KpeaTnHiny 102,02 + 3,71 MKMOJB/1,
133,82 + 6,52 mkmonab/n Bigmosigno) (R2 = 0,47,
R3=10,34;p,,<0,01).

JlocmimKeHHST KOpeasauiiHuX 3B’s3KiB piBHs Pro-
ADM 3 pllIK® moxka3aio Taki pe3yiabraTu: y rpymi 1
(pIOIK®D 72,86 + 2,08 mu/xB/1,73 m?) Ta rpymi 2 (pLLIK®
60,76 + 2,78 ma/x8/1,73 M?) BCTAHOBIIEHO TTOMipHO BM-
paxeny HeratuBHy Kopensamito (R1 = —0,51; R2 = —0,33;
p.,<0,01). ¥ rpyni 3 (pLlUK® 41,33 + 2,34 mu1/xB/1,73 M)
BUSIBJICHO CHJIbHY HeraTUBHY Kopeisiiio (R3 = —0,71;
p;<0,01).

Pisenr CAK y gociigkyBaHMX rpylax CTaHOBUB:
120,85 = 7,09 mr/r y rpymi 1, 214,0 £ 13,40 mr/r y rpymi
2 ta 334,38 = 17,15 mr/r y rpyni 3. Y rpyni 1 6yj0 BusiB-
JIEHO CJ1a0Ky IMO3UTUBHY KOpeJsiio 3 piBHeM Pro-ADM
(R1=0,16; p, < 0,01). ¥ rpynmax 2 i 3 crioctepiramacs mo-
MipHa nmo3utuBHa Kopesiiis Mixk piBHeM CAK i Pro-ADM
(R2=0,32; R3=10,36; p,,<0,01).

O6roBopeHHs

Pe3ynbraTi mpoBeAeHOro aHasi3y 3acBiluylOTh HasiB-
HICTh B3a€EMO3B’sI3Ky MixX piBHeM Pro-ADM Ta nopyiieH-
HsIM (PYHKIIOHAJIBHOTO CTaHy HUPOK Y manieHTiB 3 LI2.
VY 11boMy JOCHIIKEHHI € TIepeKOHIMBI CBiMUEeHHS ITporpe-
CUBHOTO 30iJbllIeHHS piBHS Pro-ADM 3i 36iibiIeHHSIM
CTYIIeHSI HUPKOBOI HEIOCTATHOCTI, 1110 MiATBEPIXKYETHCS
CTAaTUCTUYHO 3HAYYIIVMMU BiAIMiHHOCTSIMU MiX yciMma Tpy-
namu (p < 0,001). [TpogeMoOHCTPOBaHO, 1110 BUCOKA KOH-
neHtpaiisi Pro-ADM y mia3mi KpoBi OyJia TiCHO OB’ s13aHa
3 BUCOKMM puU3UKOM TiporpecyBaHHs JIXH, amxe nuiire
B rpymi 3 crioctepirajocs 30i7bIlIeHHS 1IbOr0 MOKa3HUKa
moa0 pehepeHTHUX 3HAYCHb.

Hami pe3yabraTi y3roaxyoTbesl 3 BUCHOBKAMU TO-
nepeaHix JocaimkeHb [11—14], y SKuUX TaKOX OTpHUMa-
HO miaBuieHHs piBHS Pro-ADM y nmanienris 3 LIJ12 Ta
JXH.

Takoxx BUSIBJIEHO BIUIMB BiKy TalliEHTa Ta TPUBAJIOCTI
1112 Ha piBeHb Pro-ADM, 0co01BO 11€ TIPOCTiIKOBYETHCS
y nalieHTiB 3 OLIbII BUpaxxeHuM cryneHeM JIXH ta moxe

OyTH TOB’sI3aHE 3 IIPOTPECYIOUNMU METa0OIYHUMMU i Te-
MOJWHAMIYHMMU 3MiHAMU Y CYIMHHII cUCTeMi Ta HUpKaXx,
1110 MOXK€ IIPU3BOAUTH IO IMiABUILEeHHS piBHSA Pro-ADM.

OTrpumMaHO JaHi PO ITOMipHUI BIUTMB HE3aI0BIILHOTO
[JIIKEMiYHOI0 KOHTPOJIIO Ha piBeHb Pro-ADM, 110 moxe
OyTH MOB’SI3aHO 3 TUM, 1110 XPOHIYHA TiMepriiKeMisi CIipusie
MporpecyBaHHIO HeCIerpiyHOro 3anajibHOro Mpoliecy Ta
eHOOTeiaIbHOI MUCHYHKIIII, SIKi 30iIbIIYIOTh CUHTE3 Ta
BuBiTbHEeHHST Pro-ADM y kpoB [15, 16].

[Ipu mpoBeneHHi aHai3y BUSBIEHO AaHi PO HEe3HA-
YHUI BIUIWB JiMigHoro npodinto Ha piBeHb Pro-ADM, 110
Jla€ 3MOTY BBaXKaTH, 1110 CYAMHHI MOPYLIEHHS Ta ypaXKeHHS
ennoteltito cynuH npu JIXH He cnipoBokoBaHi came rimnep-
xoJjiectepuHemiero [17, 18].

3a oTpuMaHUMU JAaHUMHU, 30iIbIICHHS PiBHS CEYOBHU-
HU, 0COOJIMBO B MAIli€EHTIB 3 OLTBII BUPAXKEHUM CTyTIEHEM
HUPKOBOI HEIOCTATHOCTI, CIPUYMHSIE TiABUILIEHHS PiBHSI
Pro-ADM, 1m0 Moxe BimoOpaxaTu peakliiilo opraHiamy Ha
MOTipIIeHHS HUPKOBOI (yHKIIii. YHACTITOK MOTipIIeHHS
(byHKIIOHATLHOTO CTaHY HUPOK BilOYBAETHCS 3HUXKEHHS
KJIIpEeHCY KpeaTUHiHY, 1110 MPU3BOIUTD 10 Or0 MiJBUILIECH-
HSI B CUPOBATIIi KPOBi Ta ITOMipHO KOPEJIO€ 3 piBHEM Pro-
ADM. OCHOBHUM MaTOoreHeTUYHUM MexaHizmoM JIXH
€ 3HrXkeHHs pIIIK®, 1110 npu3BoaUTh 10 HAKOTTUYEHHS
MPOAYKTiB MeTab0J1i3My, 30Kpema minBuiiieHHs1 Pro-ADM.
Lle minTBepakKeHO CUJABHUM HEraTUBHUM 3B’SI3KOM MiX
Pro-ADM ta plIIK®. Mapkepom mopylieHHS HUPKO-
BUX (pinbTpallilHUX MeXaHi3MiB, a caMe IJIOMepYJIsIpHOT
¢ynkuii Hupok npu JAXH € Mikpo- Ta MaKpoaab0yMiHypii.
[TposiBom MikpoanbOyMiHypii € 36inbiieHHss CAK. Hay-
KOBI TOCTiIKE€HHS I1eMOHCTPYIOTb, 1110 MiABUILIEHI piBHi
MR-proADM kopentotots 3 piBHeM CAK y naiieHTiB 3
A2 19, 20].

BucHoBku

Pe3ynabraTtu Hauoro AOCHiAXEHHS MiIKPecTol0Th
3Hauylictb Pro-ADM sk Giomapkepa, sikuii BimoOpaxae
(byHKUiOHATIBHUI CTaH HUPOK Ta MOXE BUKOPUCTOBYBATUCS
1151 MOHiTOpUHTY niporpecyBanHs JAXH y nauienris 3 LIJ12.
[MinBuienHs piBHs1 Pro-ADM kopeito€e 31 3HUXKEHHSIM
pIIK®, nigBuiieHHIM piBHSI CEYOBUMHU, KPEATUHIHY Ta
aTbOYMiHYpii, 1110 BKa3y€ Ha HOro BaxJIMBICTh Y BUBHAYEHHI
TSKKOCTI HUPKOBOI HEAOCTAaTHOCTI.

TakuMm urHOM, Pro-ADM moxke Oyt BaXXJIMBUM MapKe-
POM 111 PAHHBOTO BUSIBJIEHHS Ta MOHITOPUHTY MPOrpecy-
BaHHs JIXH y nauienTis 3 LIJ12, ockinbKu BiH BinoOpaxae
AKTUBHICTh HecrelnbiyHOTOo 3arnaibHOTO Mpoliecy Ta Io-
LIKOJIKEHHS CyMH. [liarHOCTMYHE 3HAYeHHS BU3HAYEHHS
Pro-ADM vy manienTiB 3 [1JI2 mossirae B mporHo3yBaHHi
nporpecyBanHs JIXH, 1110 103BOMTH BYACHO BXKUTH IIPO-
(imakTMUHUX 3aX0/iB, ONTUMIi3yBaTH JIiIKYBaHHSI Ta TTOJIII-
LIATUA MPOTHO3 LIMUX MAaIiEHTIB.

KouaikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiICYTHICTh
KOH(IIIKTY iHTepecCiB Ta BIacHOI (piHaHCOBOI 3alliKaBICHO-
CTi IpY MiArOTOBLIi JaHOI CTATTi.

Indopmamnis npo dinancyBanna. CtaTTsa miaroTosieHa
BJIACHUM KOIIITOM aBTODiB.

BHuecok aBTopiB. YpO6aHoBUY A.M. — KOHLENIIiA i
NU3aiiH MOCIHiAXEeHHs, aHaJli3 JaHUX, HAallMCaHHS Ta
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penaryBaHHS TEKCTY, opopMIeHHS cTaTTi; BepemmuH-
cbka A.Il. — minGip Ta KJIiHiYHEe 0OCTeXXEeHHS Malli€EHTIB,
30ip i 00poOKa mMaTepiaiy, aHalli3 JaHUX, NTM3ailH CTaTTi,
HaIMCcaHHS TEKCTY.
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Role of proadrenomedaullin in the progression of diabetic kidney disease
in patients with type 2 diabetes mellitus

Abstract. Background. Type 2 diabetes mellitus (T2DM) is a chro-
nic disease with increasing prevalence. Metabolic changes and
inflammation caused by hyperglycemia in T2DM lead to dete-
rioration of kidney function. Diabetic kidney disease (DKD), a
common complication of T2DM, is a leading cause of end-stage
renal disease. We investigated the prognostic value of proadreno-
medullin (Pro-ADM) as an unconventional biomarker of renal
impairment progression in patients with T2DM. The purpose was
to investigate the role of proadrenomedullin in the progression of
DKD in people with T2DM. Materials and methods. Eighty-six
patients with T2DM and DKD were examined. The study was
conducted at the Lviv Regional State Clinical Medical and Diag-
nostic Endocrinological Center, a clinical base of the Department
of Endocrinology of the Danylo Halytsky Lviv National Medical
University. Patients were divided into 3 groups according to the
degrees of DKD risk progression. In addition to standardized clin-
ical and laboratory tests, the concentration of Pro-ADM in blood
serum was evaluated. The obtained data were processed statistically
with an assessment of probability and correlation. Results. The
level of Pro-ADM in patients with T2DM and DKD varied statis-
tically significant depending on the risk of DKD progression. In
group 1, its average content was 19.65 + 0.98 pmol/l, in group 2 —
35.15 £ 2.46 pmol/1, and in group 3 — 72.02 + 2.82 pmol/l. The
results showed a significant increase in Pro-ADM with DKD pro-
gression (p < 0.001). A correlation analysis was performed between
Pro-ADM and patients’ age, duration of disease, HbAlc, total
cholesterol, urea, creatinine, estimated glomerular filtration rate
(eGFR) levels, and albumin-creatinine ratio (ACR). In group 1,
a positive weak correlation was found between Pro-ADM and

age (R =0.02; p < 0.01); cholesterol (R = 0.03; p > 0.05); urea
(R1=0.17; p < 0.01); creatinine levels (R = 0.12; p < 0.01); and
ACR (R =10.16; p <0.01). There was a positive moderate correla-
tion with the duration of T2DM (R = 0.39; p < 0.05) and HbAlc
level (R = 0.31; p < 0.05) and a moderate negative correlation
with eGFR (R = —0.51; p < 0.01). In group 2, a positive weak
correlation of Pro-ADM with age (R =0.12; p < 0.01); duration of
T2DM (R = 0.28; p < 0.05); cholesterol (R = 0.06; p > 0.05), and
urea levels (R = 0.06; p > 0.05) was observed. There was a positive
moderate correlation with HbAlc (R = 0.31; p < 0.05); creatinine
(R=0.47;p <0.01) levels, and ACR (R =0.32; p<0.01). A mode-
rate inverse correlation with eGFR was also found (R = —0.33;
p < 0.01). In group 3, a positive weak correlation of Pro-ADM
with the duration of T2DM (R = 0.24; p < 0.05), and total cho-
lesterol level (R = 0.19; p > 0.05) was observed. A positive mode-
rate correlation with age (R = 0.53; p < 0.01); HbAlc (R = 0.33;
p < 0.05), urea (R = 0.42; p > 0.05), creatinine levels (R = 0.34;
p<0.01), and ACR (R =0.36; p < 0.01) was found. There was also
a negative strong correlation with eGFR (R = —0.71; p < 0.01).
Conclusions. We found a significant increase in Pro-ADM level in
patients with T2DM depending on the progression of DKD. The
revealed correlations between Pro-ADM and clinical parameters
of T2DM and the functional state of the kidneys indicate that
the level of Pro-ADM is associated with the progression of DKD.
These results show the importance of identifying Pro-ADM as a
potential marker for assessing the progression of renal impairment
in patients with T2DM.

Keywords: type 2 diabetes mellitus; diabetic kidney disease; func-
tional state of kidneys; proadrenomedullin
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EdeKTUBHICTb 30CTOCYBOHHS
KOMOIHAUIT PiKCOBAHMNX AO3
MeThOPMIiHY M rAiMenipuay Yy XBopux
HO LyKpoBumn aAiabert 2-ro tuny

Pe3lome. AkTyanbHicTb. [JoBefeHo, Lo MoHOTeparis LykpoBoro giaéety 2-ro tuny (L2) epekTuBHa
siLie ynpoaoBxX ob6MexeHoro 4Yacy. [Npu 4bomMy BaX/iMBOK CKIa[4O0BOK YCriLLUHOro MeHeaxXxmeHTy L2
3anuvLiaEeTbCsl payioHaslbHiCTb KOMOIHaLiv flikapCbkux 3acobiB. Y LibOMY KOHTEKCTI, 3 Orfiagy Ha ckaagHuu
b6aratoghakTopHuvi natoreHe3 L2, ontumarnbHUM € BINB HA Pi3HI MEXaHI3BMWN BUHUKHEHHS rinepriikemii.
BukopucTtaHHs rriimenipugy B Tepanii LIJ2 nopiBHAHO 3 iHLIMMY ripenaparamu cysib@OHIfICeH0BUHU 3HA4YHO
MEHLUEe CTUMYIIIOE NiJLLTYHKOBY 3as103y, 36epiraroym Tum caMmum ii pecypc, i He npu3BoanTb [O rinepiHcyi-
HeMii, a Takox 3abearnedye HavbinbLL BUCOKMUI Npoghisib 6e3rneKku rnpu HauMeHLLOMY CTUMYJTIOIOYOMY BrnBI
Ha cekpedyito iHcyniHy. MeTa Bocnig)XeHHSs: BU3Ha4YeHHS e(peKTUBHOCTI Vi 6€3rnekun KoMbiHayii MeETEhOPMIHY
v rnimenipugy B yMoBax 3acTOCYBaHHS B MOBCAKAEHHIVI KIIHIYHIV npakTuyi B nayieHTis 3 L2 3 piBHem
rnikosaHoro remorno6iHy (HbA1c) 8,0-9,0 %. Matepiann ta metoaun. lig criocTepexeHHsaM nepebysasno
57 xBopux Ha LU[2. Y gocnigxeHHs 6yno Bkao4eHo 19 4onoBikiB (cepenHivi Bik 51,9 + 6,9 poky) i 38 Xxi-
HOK (cepegHivi Bik 53,9 + 6,1 poky) 3 LJ[J2. CepenHs Tpmusanictb L2 ctaHoBuna 6,3 + 2,3 poky. lNayieHTn
manu cepegHivi IMT 30,8 + 1,2 KI/M? Ha MOMEHT BKJTKOYEHHSI B JOCTAXEHHS. XBOpUM 6yr10 npn3Ha4eHo
ikcoBaHy KombiHayito meTchopmiHy i rnimenipugy (npenapat Qyrnumakc® 2/500) ynpogosx 3 micsayis
1 abo 2 paau Ha [oby. AHania eqpeKTUBHOCTI JliKyBaHHsI NMPOBOANIN LLIOMICALS W HanpuKiHLi JiKyBaHHS.
Pe3ynbratn. CepegHivi piseHb HbA1c y 57 xBopux Ha L2 crtaHoBuB 8,42 + 0,19 %, rnoko3u ninasmu
HaTwe — 10,21 + 1,02 mmons/n. Yepes 3 micsyi nicns no4atky KOM6GIHOBAHOro sikyBaHHs piBeHb HbA1c
BiporigHo 3Hn3nBcs o 7,25 + 0,16 % (p < 0,05). CepegHe 3HuxeHHs1 HbA1c nicns nepeBegeHHs Ha gojart-
KOBY Teparnito MeTgopmiHoMm 3 riimenipugom ctaHosusio 1,17 + 0,14 %. Yactka nayieHTiB, AKi JOCArHyIn
piBHs1 HbA1c < 7,5 %, cTtaHoBuna Yyepe3 3 micsyi 56,1 % (p < 0,05). EcheKkTnBHICTb npu3Ha4eHHs (hikcoBaHoi
KoMOGiHauii MeTehopMiHy ¥ riimenipugy nigTBepaXY€ETbCA | BACOKOK YAaCTKOK NauyieHTIB, AKi JOCArHY N no-
kasHuka HbA1c < 7,0 %, — 24,5 % (p < 0,05). XKXogHoro Bunanky rinornikemii un iHLUmx HebaxaHux siBULL
YrpoOAJOBX yCbOro nepiony [OCHIAXEHHS 3apeecTpoBaHo He 6ys10. BucHoBKku. Teparnisi ¢pikcoBaHuMy fo3amm
MeTOPMIHY Vi riiMenipuay AEMOHCTPYE BUCOKY e(hEKTUBHICTb Ta 6€3reKy Ta MigBULLYE NPUXUITIbHICTb nayi-
€HTIB [0 JliKyBaHHS. 3acTocyBaHHs KoMbiHalii ¢hikcoBaHux o3 meTopmiHy Ta riimenipngy (dyrnvmaxc®)
BiporigHo nosinLlye ctaH ByrnieBogHoro o6MiHy y nayieHTiB i3 4yKpoBum giabetom 2-ro tuny. Taka Teparnis
€ 6e3rne4YHor 3aBAssKN HU3bKOMY PU3UKY PO3BUTKY TiNOrnikeMidHUX cTaHiB, BiACYTHOCTI Mo6GiYHUX eheKTiB
Ta HeraTuBHOro BrJINBY HA Macy Tina.

Kno4yoBi cnoBa: ykposuii giabet 2-ro Tuny; NikyBaHHs; METQOPMIH; rriMenipng
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Bctyn

Llykposuii gia6et 2-ro Tumny (LIJ12) — oaHe 3 Haiino-
LIUPEHIIINX XPOHIYHUX 3aXBOPIOBaHb, 110 TPU3BOIUTH 10
3HMXKEHHSI TPMBAJIOCTI Ta IKOCTi KUTTS [1]. OCKiabKu 110-
YaTKOBi MOPYIIIEHHS BYIJIEBOAHOIO OOMiHYy 4acTo Iepebira-
10Tb 0€3CUMIITOMHO, Tipu BUusiBieHHi LIJ12 GaraTo nartieHTiB
BXe MaloTb MiKpO- Ta MaKpOCYIMHHi yckianHeHHs. [1pu
1112 giTko BM3HAYEHO LIJILOBI PiBHI IJIiKeMii, JOCSTHEH -
HST IKMX TIPUBOAUTH 10 3HUXKEHHS YaCTOTH TTi3HiX yCKIIal-
HeHb [2]. JlikyBaHHS i3 3aCTOCYBaHHSIM JTiKapChKUX 3aC00iB
3 BUCOKHMM aHTUTINEPIIiKEMIYHUM e(DeKTOM, MiHIMaTbHUM
YHCIOM MNOOIYHUX SIBUILL, @ TAKOX 3PYYHUX IPU MTOCTIHHOMY
BUKOPHCTaHHI, € ONITUMAJIbHOIO TAKTUKOIO, 1110 TIPUBOAUTH
JI0 TostiniueHHs1 KoHtpoJsto Han LT [3].

3rigHO 3 YNUHHUMU MiXKHAPOJIHUMU HACTAHOBAMM, iH1-
BilyaJabHUI MiAgXiA 40 XBOPOTO Ta, BiAMOBIAHO, BU3HAYEHHSI
iHAMBIAYaJIbHOTO ILIJILOBOTO PiBHS INIIKOBAaHOI'O TeéMOTI00i-
Hy (HbAlc) matoTh cTrat OCHOBOIO BUOOPY CTpaTerii 11y-
KPO3HMXKYBaJIbHOI Tepartii [4, 5].

JloBeneHo, 110 MOHOTepallisl IIyKpoBOTo aiabeTy 2-ro
Iy eeKTUBHA JIUIIIE YITPOIOBXK 00MEXeHOro vyacy [6].
I1pu uboMy BaxkJIMBOIO CKJIaJ0BOIO YCITIIITHOTO MEHEIX-
MeHTy LI/I2 3anuimaeTbes palioHaJIbHICTh KOMOiHAIIii
JliKapchbKuX 3ac00iB [7]. ¥ 1lbOMy KOHTEKCTI, 3 OIJISIAY Ha
CcKJIagHUii 6araTodakropHuii matoreHe3 LIJ12, ontrnmanb-
HUM € BIUIMB Ha Pi3Hi MeXaHi3MU BUHUKHEHHS Tileprili-
Kewmii [8].

Mera aocaiIKeHHs: BU3HaUCHHSI ¢(DEKTUBHOCTI ii 0e3-
neky KoMOiHalIii MeThopMiHy i ITiMenipuay B yMoBax 3a-
CTOCYBaHHS B MOBCSKAECHHINM KTiHIYHIM MpaKTULIi B MalLliEH-
TiB 3 LIyKPOBUM J1iabeToOM 2-TO TUILY i piBHEM INIIKOBAaHOTO
remomtobiny (HbAlc) 8,0-9,0 %.

JonaTKOBUMU 3aBAaHHSIMU AOCIIIKEHHS OyJIU BU-
3HAYEeHHS BiIICOTKA ITAIli€HTIB, SIKi HJOCATHYJIHW PiBHSI
HbAlc Menme Bim 7,5 %, ouinka 3MiHM TTiKeMii HaTIIE
(rmoko3a B mra3mi Hate, I'TIH) i moctnpanaianbHOL
raikemii, iHgekcy macu tina (IMT), yacToru ninTBep-
JKEHUX €Mi30/iB TSIXKKOI rinorjaikemii Ha Tji KOMOiHO-
BaHoOI Teparnii MeTdopmiHoMm i raimentipunom. Kpim Toro,
OlLliHIOBaJIMCS HebaxaHi siBuIla i MoOiuHi epekTr yepe3
3 Micsi JTiKyBaHHS.

MaTepiaAn Ta MeToAmn

VY kiiHili YKpaiHChKOTO HayKOBO-TIPAKTUYHOTO LIEHTPY
€HIIOKPUHHOI Xipyprii, TpaHCIJIaHTallil eHIOKPUHHUX Opra-
HiB i TkKaHuH M O3 YKpaiHu min criocTepekeHHsIM repedy-
Basio 57 xBopux Ha LI12. ¥V nocaimxeHHs 0yji0 BKIOYeHo 19
YOJIOBIKiB (cepenHiit Bik 51,9 + 6,9 poky) i 38 xiHOK (cepen-
Hii1 Bik 53,9 + 6,1 poky) 3 LI/12. Cepenns tpusamictsb LIJ12
cranoBuia 6,3 & 2,3 poky. INamientu manu cepenniii IMT
30,8 + 1,2 kr/M?> Ha MOMEHT BKJIIOYEHHS B JOCITiIKEHHST.
Maca Tina y 4onoBikiB ctaHoBuUIa 94,2 + 9,4 KT, y XiHOK —
87,1 £ 7,9 kr. Cepenns okpyxHictb Tajii (OT) y 4osoBikiB
nopiBHoBazia 104,8 + 13,3 cM, y xiHok — 102,1 + 12,8 cm.
XBopi He mocarHynu ctany KomreHcanii LIJ12 (HbAlc me-
peBuyBaB 8,5 %) Ha TJi MOHOTeparii MeT(hOpPMiHOM y
MaKCUMaJbHUX [03aX YIPOIOBX He MEHIIe Hixk 3 Tome-
peIHi MicsiIi.

Yci nauieHTH mianucany iHhopMoBaHy 3rofy Ha yJyacTh
Y DOCIIIKEeHHI.

[MamienTam Oyo mpu3HaYeHO NpuiiMatu (PiKCOBaHY
KoMOiHarlito MmetdopMiHy i rrimernipuay (nmpemnapar Jdyr-
sumakc® 2/500) yrpomos:k 3 micsiiiB 1 abo 2 pa3u Ha 100y.
AHaiz e(heKTUBHOCTI JIIKyBaHHS MIPOBOAIIM LIOMICSIIS i
HarpuKiHII JikyBaHHs. OLiHIOBaIM CTYIIiHb KOMIIEHCallil
BYIJIEBOAHOTO OOMiHY, HasiIBHICTb i BUPAXXEHICTh OPTaHHUX
i CUCTEMHUX MOPYILIE€Hb, 110 BILIMBAIOTb HA SIKICTb KUTTS
xBopux. OCKiIbKM Iporpama 0yja CIIoCTepesKHOIO, YCi BU-
KOPMCTaHi CTATUCTUYHI METOJM MaJld OMMCOBUIA XapaKTep
i BUKOPHMCTOBYBAJIMCS IJIs1 3aBOaHb JOCTiIkKeHHsI. OOpoOKy
OTPUMAaHUX JaHUX IMPOBOIMJIM 3a IONTIOMOTOIO TTaKeTa Mpo-
rpam Statistica (Bepcis 6.0) i Excel. Jlani HaBeaeHi y BUTISIIL
cepeiHiX apu(pMETUIHNX 3HAUYEHD i CTAaHJIAPTHOTO BiIXUJICH-
Hs. AIKiCHi TOKa3HMKM ITOJIaHi y BUIJISIIi aOCOTIOTHOIO Yucia
CIIOCTEepPEXEeHb i BiICOTKA BiJ| 3arajibHOTO YKciia XBOpUX. 3a-
3/1aJIeTiIb XKOIHUX CTATUCTUYHUX TiloTe3 He 0YyJI0 BU3HAYe-
HO, 1100 OOMEXUTHU PU3UK XMOHOIIO3UTUBHUX PE3y/IbTaTiB
YHACJIiIOK MOXJIMBOI BUCOKOI MiHJIMBOCTI i1 pi3HOMaHITHOCTI
oTpuMaHuX naHux. KputuaHuit piBeHb 3HAUYIIOCTi (p) IIpu
TepeBipLi CTaTUCTUYHUX TirmoTe3 mpuitMancs 3a 0,05.

PesyAbTaTH

Cepenniit piBenb HbAlc y 57 xBopux Ha LIJI2 cra-
HoBUuB 8,42 + 0,19 %, ri10KO3U IJIa3MU HaTlle —
10,21 £+ 1,02 mmonb/n. [Tokaznuk HbAlc petpocrniekTus-
HO CBiIUMB IIPO BiACYTHICTh KOMII€HCALlii ByIJIEBOJHOI'O
00MiHY B 00CTeXXEHMX 0Ci0 BITPOIOBXK ocTaHHIX 90 mHIB.

Yepes 3 Micsli mic/sl moyaTky KOMOiHOBaHOTO JiKy-
BaHHs piBeHb HbAlc BiporigHo 3Hu3uBcs a0 7,25 £ 0,16 %
(p <0,05). Cepenne sHmkeHHs1 HbAlc micis rnepeBeaeHHs
Ha J0JaTKOBY Teparilo MeT(hOPMiHOM 3 TJIiMEIipuaOM CTa-
nosuio 1,17 £0,14 % (puc. 1).

YacTka maii€eHTiB, ki gocsaruyiu piBas HbAlc < 7.5 %,
craHoBmIa uepe3 3 Mmicsi 56,1 % (p < 0,05). EdekTuBHICTh
npu3HavyeHHs dikcoBaHOT KOMOiHallil MeThOopMiHy it TTi-
MeITipuay MiATBePIKXYETHCS i BUCOKOIO YACTKOIO MaIli€H-
TiB, sIKi gocsiruyau nokasHuka HbAlc < 7,0 %, — 24,5 %
(p <0,05).

3acTtocyBaHHS KOMOiHOBaHOI Tepartii MeTopMiHOM i
[JIIMEIipUIOM He BIUIMBAJIO Ha IMHAMiKy moKa3HuKiB IMT
i OT. lo MOMeHTY 3aKiHUeHHS OOCiIXKEHHs CIIOCTepira-
J1acsl IdIIe TeHAEH1is 10 3MeH1IeHHs nmoka3zHuka IMT no
30,2 + 0,8 kr/m?(Ha 0,59 + 0,09 kr/m?, 260 —1,34 £ 0,16 %
Bi/l TOYAaTKOBOTO).

9 -
8,42 £ 0,19

8 4+
2 -1,17 £ 0,14
S 4
<
T 7,25+0,16

7 -

6 T 1

[o nikyBaHHs Micns nikyBaHHA

PucyHok 1. [unamika pisHsi HbA1c (%) yepes 3 micsaui
Kom6iHoBaHoI Tepanii
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PucyHok 2. [luHamika piBHs rnikemii nnasmu HaTLye
(Mmornb/n) yepes 3 micsyi kombiHoBaHoOI Tepanii

Pisens I'TIH 3HuM3uBCS B cepenHbomy ano 7,28 =+
+ 0,96 MMoJb/11 Yepe3 3 micsii. CepeHE 3HUKEHHS 10~
caruyno 2,93 + 0,98 MMmosb/1, 1110 Y BiTHOCHOMY BUpaXKeH-
Hi craHoBUIIO —29,3 * 4,7 % Bin MOYaTKOBOTO 3HAUYCHHS
(puc. 2).

KomHoro BuITamKy TinmorjiikeMil 94u iHImmx HeOaKaHUX
SIBUILL YIIPOAOBX YChOTO TIEPiOLy TOCTIIKEHHST 3aPEECTPO-
BaHO He 0YyJ10.

O6roBopeHHs

Mexanizmu mii HyKpO3HKYBaJILHUX IIpeIiapaTiB Bil-
PI3HSIOTHC, ajle 3arajioM CIPsIMOBaHI Ha YCYHEHHSI TPbOX
OCHOBHHUX MeTa0OJiYHUX TOPYILIEeHb, 1110 TPU3BOASTH 10
rinepriaikemii ipu LIJ12: mopyiieHHs cekpellii iHCyJTiHy
MiIIIUTYHKOBOIO 3aJ103010, epudepruyHoi iHCyIiHOpe3uc-
TEHTHOCTI Ta HaJJIMIIKOBOI MPOIYKILii TTIOKO3U TeUiH-
Koto [9].

Ilepmmum etamom MeHemkMmeHTy L2 3amuimaeTnes
Moaugikaliss crrocody KUTTS, 1110 0OYMOBJIEHO BILJIMBOM
MO3UTUBHUX e(PEKTiB 3HMKEHHSI MAcH TiJia Ta 301JIbIIIEHHSI
¢iznyHOI aKTUBHOCTI Ha MeTabosizM. OnHaK Juie HeBe-
JIMKIiM KiJIBKOCTI Malli€HTiB BAAETHCS MiATPUMYBATU HOP-
MOTJIIKeMilo IIJISIXOM HeMeIMKaMEeHTO3HUX BTpydaHb. ToMy
OJTHOYACHO i3 3MiHOI0 CIOCO0Y KUTTS PEKOMEHIYEThCS
Tepartiss MeT(OPMIHOM, [Iisl IKOTO CIIPSIMOBaHa Ha OCHOBHI
MPUYUHU BUHUKHEHHST LIJ12 — iHCYy/1iHOpEe3UCTeHTHICTh Ta
TineprpoayKiio riaoko3u nedinkow [10]. [1pu HeepekTuB-
HOCTI 1IOTO KPOKY, 1110 TMPOSIBIISIETHCST 30€PEXKEHHSIM TTPOTSI -
roM 6 Micd1liB HelliboBoro piBHsa HbAlc, pekoMeHI0BaHO
Tepexi 10 HACTYITHOTO eTarny — MOCUJICHHST MeIUKaMeH -
TO3HOI Teparii [11].

IIpu upomy BuOip mpemapaTy BU3HAYAETHCSI PiBHEM
HbA lc, a TakoX BpaxoBYIOTHCSI 0cO0MBOCTI Tiepeoiry LIJ12,
CYIIyTHSI ITATOJIOTis, BiK, TPUBAJICTh 3aXBOPIOBaHHS. Yce
e pa3oM (popMy€e iHIUBiITyaTbHi LIHOBI TOKA3HUKHM TJTi-
keMii. JloBeieHo, 1110 ceplLieBO-CYIMHHI YCKIJIAJHEHHS Ya-
CTillle TPATUISIOTHCS Cepell Malli€EHTIB 3 iHTeHCUDIKOBAaHUM
3HVDKEHHSIM PiBHS TJIiKeMii Ta YaCTUMU TiIllOTJiKeMiYH1-
MU elrizogaMu (0COOIMBO TSLKKUMM TimorikeMismu) [12].
[IpiopuTeT y Wili KAiHIYHIN cUTyallii HaTalOTh 3aco0aM i3
MiHiMaJIbHUM PU3UKOM PO3BUTKY TilOITiKeMild.

Ipu piBai HbAlc 7,6—9,0 % BxXe B nebroTi Cltim oapasy
PO3MOYMHATH JIiKyBaHHS 3 KoMOiHOBaHoi Tepartii. [Ipemapa-
™ noxinHux cyabdoninceuoBuHu (ITCC), sk i meTdhopMiH,

MalOTh OUThIIIE HiXK MiBBIKOBUI KIIIHIYHUI JOCBII BUKOPU-
cTaHHs. MexaHi3M [ii MaKCMMaIbHO Peali3y€eThCs JIMIIE 3a
30epexkeHol PyHKIIi iHCYISIPHOTO anapaTy MiIIIUTyHKOBOI
351034 Ta 00ymoBineHuit 3B s13yBaHHsIM [1CC 3i crienudiu-
HUMM PELIeTITOpaMHU TUIa3MaTUYHOI MeMOpaHu [-KJIiTUH,
iHTerpoBaHuX y cTpykTypy ATM-3a1e3KHIX KaliEBUX KaHAJIIB
mnasMatnaHux Memopan. Cepen [TCC niepeBary mMae riime-
IMpHI, KW BiOpi3HAETHCS BUIIOIO MIBUAKICTIO aCOIIiallii Ta
JcoITialtii 3 perrenropoM B-kimiTvH (y 2,5—3,0 Ta y 8—9 pasis
BUIIIE BiIMOBiIHO), HixX iHIII Mpemnapartu wiei rpymu [13].
1M mosicHIOEThCS HalKpallle 3HUXKEeHHST IMOCTIpaHIiaTbHOT
[JIiKeMil Ta MEHIIUI pU3NK BUHUKHEHHS TilOriKeMiuHuX
cradiB. Kpim Toro, riiMenipun 3amnobirae mBuIKoMy BUC-
HaXKEHHIO iHCYJISIPHOTO arnapary MialuIyHKOBOI 3a103u [ 14].

YV npoBeneHOMY HaMM OOCTIIKEeHHi OyJr BUBUCHI pe-
3yJIbTaTH 3aCTOCYBaHHS (DikcoBaHOI KOMOiHallii MeTdop-
MiHy Ta raiMenipuay y nauieHTiB i3 LIJ12, gxi He mocsaran
LIJTbOBUX TTIOKA3HUKIB BYTJIEBOIHOTO OOMiHY Ha TJIi MOHO-
Teparii MeTopMiHOM. JloCTiIKeHHSI MPOAEMOHCTPYBAJo,
110 3aCTOCYBaHHS Mpemnapary Jyrmimakce® mpu3BoIUTh 10
BiporigHoro noJjinmeHHs nmokadHukis HbAlc, I'TIH. Crin
BiI3HAUMUTH, 110 TaKa Teparlisi He CTIIpaBJisie HEraTUBHOTO
BIUIMBY Ha Macy Tijia (y YaCTUHUM XBOPUX CIIOCTEpiragocs
s3HmkeHHs IMT 1a OT).

[MpoBeneHe DOCHIIKEHHSI HAOYHO MPOJEMOHCTPYBAJIO
HU3bKUI pU3MK BUHUKHEHHS TilOTIiKeMii Ha TJIi TpuiioMy
MeT(OpMiHY Ta IJIiMeripuIy, 0 CBIIYUTD TIPO BUCOKY O€3-
TeKy 3aCTOCYBaHHsI 11iel KoMOiHallii 1151 mauieHTiB i3 LIJ12.

3pocTarmya KiTbKiCTh JOCTIIKEeHb OKa3ye, 110 IOPiB-
HSTHO 3 MOHOTEpari€lo KOMOiHOBaHa Teparlisi MOXe HalaTh
3HAYHIi KJIiHiYHi mepeBaru, OAHOYaCHO KOHTPOIIOIOUM Pi-
BeHb TJTIOKO3M B KPOBi, Macy Tijla Ta apTepiaJibHUii TUCK, a
TaKOX 3aTPUMYIOUM MTPOrpecyBaHHs Nia0eTUUHUX yCKIal-
HeHb [11]. 3araom KoMOiHOBaHA Teparlis BiIirpa€e KJo4o-
By posib y jdikyBaHHi LIJI2 [12]. IHTerpaitisi eeKTUBHOCTI
MeT(hOpMiHY I IIIMEIipuAY J03BOJISIE OLIbII KOMILJIEKCHO
Ta e()eKTUBHO KOHTPOJIOBATU PiBEHb INIIOKO3U B KPOBi 0e3
301IbIIIEHHS PU3UKY TiMOIIiKeMii UM iHIIMX CePHO3HUX MO~
O6iuyHux sBunl. [1pu 11bOMYy KOHKpETHA cXeMa JIiKyBaHHS
MOBMHHA OyTH alanTOBAHOIO 10 KOHKPETHOTIO Ialli€eHTa.

OTpuMaHi HaM# pe3yIbTaTH BidITOBiOalOTh ITOKAa3HUKAM
iHIMX pociimkeHb. EpekTuBHiCTh KOMOIHALLT ITiMenipu-
Iy Ta MeTdopMiHy Oyjia moBedeHa y JociimkeHHi [15] 3a
y4JacTio mmauieHTiB i3 LI/12 6e3 ameKBaTHOro KOHTPOJIIO Ha
TJi MOHOTeparii MeTpopMiHOM. JIBaHAAUSTUTUXKHEBA Te-
partist TpoJeMOHCTpYyBaJia e()eKTUBHICTh KOMOiHALIiT 111010
3HMKeHHS piBHiB HbAIC.

[lepeBara 3acTocyBaHHS KOMOiHa1il (hiKCOBaAaHUX 03
HaJ MpUiOMOM KOMOiHallil mpenapariB B iHAMBiTyaaIbHO
miniOopaHMX A03aX TAKOX IOJIATAE Y MiABUILEHHI TPUXUIb-
HOCTI IMalli€HTIB A0 Tepallii, o OyJIO MiATBEPIKEHO Y pe-
TPOCIEKTUBHOMY JOCIiIKEHHI [16].

Pesynbratu ipoBeeHOro HaMU JOCHIIKEHHS 111010
BaXJIMBOCTI PAHHBOTO IOCSITHEHHS LJILOBOTO TITiKEeMiy-
HOT'0 KOHTPOJIIO HAaroJIOLIYIOTh, 110 Itpu LI/]2 MmakcuMaib-
Hi repeBaru JJisl MalieHTiB 3a0e3Ie4yye came MoeaHaHHS
MMiAXOMdiB: 3a0e3meueHHs] OPTaHOMPOTEKIIil IYKPO3HIXY-
BaJIbHMMMU TIpernapaTtaMmu 3 J0BEICHUMU BJIACTUBOCTIMU
BIUIMBATH Ha Pe3yJIbTaTH Ta IPOTHO3, a TAKOX JOCSTHEHHS
aJIeKBaTHOTO TJIIKeMiYHOTO KOHTPOJIIO Ha BCbOMY TPOTSI3i
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3aXBOPIOBAHHS (TPUBAIICTD SIKOTO YaCTO BUMIPIOETHCS BXKE
KiJIbKOMa IECATUTITTSIMU), 3 HEMUHYUYOIO HEOOXiHICTIO SIK
JIOJIATH KJIiHIYHY iHeplIilo, TaK i BpaXOBYBaTH iHIUBIAyalbHi
XapaKTepUCTUKM KOHKPETHOTO MallieHTa Mpu iX TUHaMiy-
HUX 3MiHax.

BucHoBkM

Tepamnisa ¢ikcoBaHMMM 103aMK MeTHOPMIHY i TITiMeITi-
pUIY IEMOHCTPYE BUCOKY e(heKTUBHICTD i Oe3MeKy Ta MilBU-
1IIy€ MPUXWJIbHICTD MALiEHTIB 0 JIIKyBaHHsI. 3aCTOCYBaHHSI
KoMOiHalii ¢ikcoBaHMX 103 MeTHOPMiHY Ta TIiMermipumLy
(dyraumakc®) BiporiZHO MOJIMIIY€E CTaH BYTJIEBOIHOTO
0OMiHY Yy TALiEHTIB i3 LIyKPOBUM JiabeToM 2-ro Tumy. Taka
Tepartis € 0e3MeYHOI0 3aBASKU HU3bKOMY PU3UKY PO3BUTKY
TITIOTTIKeMIYHIX CTaHiB, BiICYTHOCTI ITOOIYHMX e(DEeKTiB Ta
HEeraTHBHOTO BILJIMBY Ha Macy Tija.

KonduikT inTepeciB. ABTOp 3asiBJISIE PO BiICYTHICTb
KOHDIIIKTY iHTepeciB Ta BlIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi ITpY MiATOTOBII JAHOI CTATTI.
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Effectiveness of metformin and glimepiride fixed-dose combination
in patients with type 2 diabetes

Abstract. Background. Monotherapy for type 2 diabetes (T2DM) is
effective only for a limited time. At the same time, the rationality of
drug combinations remains an important component of successful
management of T2DM. In this context, given the complex multi-
factorial pathogenesis of T2DM, it is optimal to influence various
mechanisms of hyperglycemia. Compared to other sulfonylurea
drugs, the use of glimepiride in the treatment of T2DM stimulates
the pancreas significantly less, thus preserving its resource, does not
lead to hyperinsulinemia, and also provides the highest safety profile
with the least stimulating effect on insulin secretion. The purpose
of the study was to determine the effectiveness and safety of the
combination of metformin and glimepiride when using in everyday
clinical practice for patients with type 2 diabetes with a level of gly-
cated hemoglobin (HbAlc) of 8.0—9.0 %. Materials and methods.
Fifty-seven patients with T2DM were included in the study, 19 men
(mean age 51.9 £ 6.9 years) and 38 women (mean age 53.9 £ 6.1
years). The average duration of T2DM was 6.3 & 2.3 years. Patients
had an average body mass index of 30.8 & 1.2 kg/m? at the time of
inclusion in the study. Participants were prescribed a fixed combi-
nation of metformin and glimepiride (Duglimax® 2/500) for three
months 1 or 2 times a day. Analysis of treatment effectiveness was

performed monthly and at the end of treatment. Results. The aver-
age level of HbAlc in 57 patients with T2DM was 8.42 + 0.19 %,
fasting plasma glucose was 10.21 + 1.02 mmol/l. Three months
after the start of combined treatment, the HbAlc level significantly
decreased to 7.25 = 0.16 % (p < 0.05). The average reduction in
HbA ¢ after switching to additional metformin and glimepiride
therapy was 1.17 = 0.14 %. The proportion of patients who achieved
the level of HbAlc < 7.5 % was 56.1 % after 3 months (p < 0.05).
The eftectiveness of prescribing a fixed combination of metformin
and glimepiride is also confirmed by the high percentage of patients
who achieved HbAlc < 7.0 % (24.5 %; p < 0.05). Not a single case
of hypoglycemia or other adverse events was registered during the
entire study period. Conclusions. Therapy with fixed doses of met-
formin and glimepiride demonstrates high efficacy and safety and
increases patient adherence to treatment. The use of a fixed-dose
combination of metformin and glimepiride (Duglimax®) reliably
improves the state of carbohydrate metabolism in patients with type
2 diabetes. Such therapy is safe due to the low risk of developing
hypoglycemic conditions, the absence of side effects and a negative
impact on body weight.

Keywords: type 2 diabetes; treatment; metformin; glimepiride
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Kosans C.M., PesHik N.A., CrapyeHko T.I., Muaocaascsekmm A.K.
AY «HauioHanbHu iIHCTUTYT Tepanii imeHi A.T. Maaoi HAMH Yikpainun», M. Xapkis, YkpaiHa

MiABULLEHHS OABOYMIH-KPEeAaTUHIHOBOro
CniBBIAHOLLUEHHS ceui
K OAMH 3 HOUOIAbLL PAHHIX MApKepiB
YPOXKEeHHS HUPOK Y XBOPUX
HQO APTEpPIAAbHY rinepTeHsito
TA LYKPOBUM AiabeT 2-ro tuny

Pestome. AktyanbHricTs. NoegHaHni nepe6ir apTepianbHoi rinepTeHsii (Al) Ta yykpoBoro giabety 2-ro tuny
(4A2) acouyitoeTbcsi 3 0CO6/IMBO BUCOKUM PU3MKOM CEPLEBO-CYANHHUX | HUPKOBUX YCKNagHeHb. BignosigHo
[0 YUHHUX MIXKHapPOOHUX peKoMeHAawivi 455 giarHOCTUKM XPOHIYHOI XxBopobu HUpok (XXH) BukopuctoByoTh
[Ba KpUTepIi: po3paxyHkoBa LUBUAKICTb Kiy604KkoBOI ¢pinbTpadii (pLLUK®) Ta ans6ymiH-kpeaTuHiHoBe criBBig-
HoweHHs (AKC) ceui. Ane Ha cborogHi xapaktep i eTanHicTb 3miH AKC cedi Ta ix B3aeM0O3B’ 130K 3i 3MiHamu
PLUK® y xBopux Ha Al 3 U[J2 HegocTaTHbo BUBYeHI. MeTa: BUBYEHHS 4acToTu i BUpaxeHocTi nigsuLeHHs AKC
cedi y xgopux Ha Al 3 LJ[]2. Matepiann Ta meroamn. O6¢cTexeHo 44 xsopi Ha Al Il cTagii, 2-3-ro cTyneHs 3
L2 sikom Big 40 [o 64 pokiB: 4onosikia — 20 (45 %), xiHok — 24 (55 %). O6CTEXEHHS XBOPpUX MPOBOANIN 3
BUKOPUCTaHHSIM CTaHAapPTHUX KIIHIYHUX, aHTPOMOMETPUYHMX, 1abopaToOpHUX Ta IHCTPYMEHTalbHUX METOLIB.
HiarHoctuky Al', LU[12, cepueBo-cyAnHHMX 3axBoproBaHb, ix chakTopis puauky, XXH ta kateropivi 3miH pLLIK®
i anbbyMiHypii oyiHOBaIu 3rigHo 3 €BPONENCLKUMU Ta YKpaiHCbKUMU pekoMeHgaudismu. BusHavyeHHs pLUK®
npoBoaunu 3a chopmyrnoto CKD-EPI 3 ypaxyBaHHSIM piBHIB KpeaTuHiHy cupoBaTku KpoBi, anb6yMiHypito giar-
HocTyBanu 3a goromoroto ouinkn AKC y paHkoBivi mopuii cedi. Pesynbtartu. lNpu aHaniai amid pLLUK® y 41 %
xBopux Ha Al” 3 LU[J2 peectpyeTbes 3HmxeHHs pLLIK® go kateropii G3a, Lo BKa3ye Ha HasiBHICTb YPaXXeHHs
HUPOK 5K opraHa-miLlueHi. AHania amiH AKC cedi J03BOIS€ BUSBUTU YPaXEHHS HUPOK SIK opraHa-miLueHi (no-
mipHe nigsuLyeHHs AKC cedi go kateropii A2) y BiporigHo 6inbLuoi YacTuHu XxBopux — y 65 % oci6. NomipHe
nigeuLyeHHs AKC y cedi giarHOCTYeTbCS HE TiNlbKW y NepeBaXxHoi 6inbLuocTi xBopux Ha Al™ 3 {2 3i 3HUXXEHHAM
PLUK® no kateropii G3a (y 89 % oci6), ane i y 55 % xBopux 3 He3Ha4YHUM 3HXKEHHSIM PLUK® (kaTeropis G2),
a 1akox y 25 % xBopux 3 HopmasibHUM abo BUCOKMM roKasHukom pLLIK®. BusHa4eHHs pusuKy nporpecyBaHHs
XXH Ha nigcTasi ogHo4acHoro aHanisy rnokasHuka pLLUK® | nokasHuka AKC B ce4i cBiguuTb npo Te, LYo y
rnepeBaxHoi 6inbLuocTi xsopux Ha Al" 3 LI[]2 (72 %) icHye nigBuLyeHnii puduk rporpecyBaHHs XXH, i Tinbku
MeHLLEe HIXX TPEeTUHa Taknx XBOpux Moxe 6y T BifHeCeHa [0 KaTeropii HU3bKoro puauky nporpecysaHHs XXH.
BucHoBkw. NigsuLyeHHs: nokasHuka AKC cedi Moxe po3rnsagatuch K 6inbLU PaHHIi MapKep ypaxeHHs1 HUPOK
y xBopux Ha Al 3 42, Hix 3HMxXeHHs1 pLLIK®, ke BU3Ha4yaeTbCsl 3a piBHEM KpeaTuHiHy B CUpOBAaTLi KPOBI.
BusHa4eHHs1 AKC cedi moBUHHO NpOBOANTUCHL [O[ATKOBO [0 BU3Ha4YeHHs1 pLLUIK® y Bcix xBopux yiei kateropii
3 METOK HavibinbLL pPaHHbOI [iarHOCTUKW YPaKeHHS HUPOK Ta MPOrHO3yBaHHsA puauKy nporpecyBaHHA XXH i
cepLeBO-CYANHHNX YCKIaaHeHb.

Knro4oBi cnoBa: aprepiasnibHa rinepTeHsisi; LyKpoBuii giabeT 2-ro TUy; XpoHidHa XBOpo6a HUPOK; pO3paxyHKOBa
LUBUAKICTb KITy604KOBOI ¢binbTpalii; anbbyMiH-KpeaTUHIHOBE CriBBIGHOLLEHHS ceyi
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Bctyn

[loenHaHwii nepebir TakMx 3aXBOPIOBaHb, SIK apTepi-
anpHa rineprensisa (Al') Ta uykpoBuii mia6et 2-ro TUILY
(LI2), acoliitoeTbest 3 0COOIMBO BUCOKMM PU3UKOM CEp-
1IEBO-CYIMHHUX i HUPKOBUX YCKJIaAHEeHb [1, 2]. AKTyalb-
HiCTh Tpo0JIeMH TIOB’s13aHa i 3 BEJIMKOIO TIOIIMPEHICTIO €T
KoMopOigHoi nmarosorii. Tak, craHom Ha 2021 pik KiJIbKiCTh
xBopux Ha LIJI2 y cBiTi cranoBmIa 537 MiJbiioHIB 0ci0 |3,
4]. Y nepeBaxHoi Oiyibiiocti xBopux Ha LI/12 niarHoCTyOTh
AT [5]. 3a manumu nocaimkenHss EUROASPIRE, Al Busis-
nsachk y 80 % ywonoBikiB i 87 % xinok 3 LI/12 [6]. O6umsa
3aXBOPIOBaHHS MalOTh CHiIbHI opraHu-MiteHi [7, 8]. On-
HUM 3 HalOUIbIII BaXKJIMBUX OpraHiB-MillleHEeH, SIKi 1yXe
4acTo Ta 3aKOHOMipHO ypaxytoTbes i ipu AL i ipu LIJ12, €
Hupk# |9, 10]. YHacmooK ypaxkeHHsS HUPOK pO3BUBAETHCSI
TakKe TSKKe YCKJIaTHEHHs, SIK XpOHIYHa XBOpoOa HUPOK
(XXH), i came LIJI2 € HaiOiIBII TTOTY>KHUM i3 BiTOMUX Ha
ChOTOJIHI (paKTOPOM PU3MKY PO3BUTKY Ta MPOTrPeCyBaHHS
XXH [11, 12]. dpyre Micue cepen Mpu4uH po3BUTKY XXH
nocimae A" [13, 14].

BinnoBigHO 10 YUHHUX €BPONENCHKUX PEKOMEHAALiA
IJIsT iarHOCTUKM XXH BMKOpPUCTOBYIOTH IBa KPUTEpii:
MBUAKICTh KiIyooukoBoi dinsrpauii (LLIK®D), sky o6uuc-
JIIOIOTH 3 ypaxyBaHHSIM PiBHiB KpeaTUHiHY B CUPOBATII Kpo-
Bi 3a popmynoto Chronic Kidney Disease Epidemiology
Collaboration (2009) — po3paxyHKoBa IIBUAKICTh KJIy0OU-
koBoi ¢insrpauii (pIIK®), ta anb0yMiH-KpeaTUHIHOBE
criBBigHommeHHsT (AKC) ceui [15, 16]. Ane 3apa3 xapakrtep
i eranHicTh 3MiH AKC ceui Ta ix B3a€MO3B’5130K 3i 3MiHa-
mu plIIK® y xBopux Ha AT, sika riepebirae y noeaHaHHi
3 1112, HemoCcTaTHHO BUBYEHI. 3a/IMIIAETHCS aKTyaIbHUM
MUTaHHS MOXJIMBOCTI BUKOpUcTaHHs miaBuiiieHHs AKC
ceui SIK OJHOTO 3 HAlOIbII paHHIX MapKepiB IIPOrpecyBaH-
HST ypaXe€HHSI HUPOK, SIKi MOXYTb BUSIBJIITUCH 33JI0BIO 10
PO3BUTKY TSDKKMX Ta TepMiHaibHUX cTafiii XXH y xBopux
Ha TaKy KOMOpOimHy naTtoiorio, Sk Al y moenHanHi 3 LIJ12.

Merta aociaKeHHs: BUBUMTU YACTOTY i BUPAXEHICThb
ninsuiieHHsI AKC cedi y xBopux Ha Al 3 LIJ12.

MartepiaAn Ta meToamn

JocnmimKeHHs IIPOBEIeHO Y BiIAiI apTepiaabHOI rimep-
TeH3ii Ta npodinakTuKM ii ycKIaaHeHb Ha 6a3i crienianizo-
BaHOTO BiJIiJIEHHS TillepTeH3iii Ta 3aXBOprOBaHb HUPOK Y
«HarmtionanbHuit iHcTuTyT Tepanii imeHi JI.T. Maroi HAMH
Vkpainu» (titeHsiss «MeanuHa npakTuka», AE No 197294,
nie 3 06.06.2013, MO3 Ykpainu).

Yceboro 0ynio oocrexxeHo 44 xBopi Ha AT 3 1112 BikoM Bin
40 mo 64 poxkiB (cepenHiit Bik 53,4 = 4,3 poky): 4OJIOBiKiB
oyno 20 (45 %), xinok — 24 (55 %). Kpurepii BKiroueH-
HS B JOCiIKEHHS: HasSIBHICTb MiANMCaHOI iH(OpPMOBaHOI
3roJM Ha ydyacThb y AOCHTimXKeHHi, BiK Bix 40 10 64 pokis,
BCTaHOBJIEHU I fiarHo3 eceHilianbHoi Al II crazii ta 2-ro
a00 3-ro cryrneHst B moenHaHHi 3 LIJI2 TpuBasicTio MeHIe
Hix 10 pokiB.

Kpurepii BUKTIOUECHHS 3 TOCTIIKEHHS: CUMIITOMATUIHI
AT, ecenuianbHa AT II cramii Ta 2-ro abo 3-ro CTyIeHs B
noegHanHi 3 LIJ12 Tpusanictio moHazn 10 pokis, LIJ2 Tsox-
koro cryrneHsi, XXH Bume 3a Illa cragiro, L1 Ta iHi
3aXBOPIOBaHHS €HAOKPMHHUX OpraHiB, rocTpuil iHhapKT
MioKapia, TOCTpHUil KOpOHAPHUI CUHAPOM, CTabiJIbHa CTe-

Hokapaist (III-IV dynkuionansHoro kiacy (DPK)), iHcybt,
cepuesa HenocratHicte (CH) I1B cranii ta [II-IV ®K 3a
NYHA, BariTHiCcTb, JIaKTallisl, BPOJIKEHi Ta HaOyTi Bagu
ceplisl, TSKKa CYITyTHS IMaTOJIOTisT (TSXKKi 3aXBOPHOBAHHS
HUPOK, MEYiHKH, IITYHKOBO-KHUIIIKOBOTO TPaKTy, OPOHXO-
JIETeHEBI 3aXBOPIOBAHHS).

L5t poGoTa Oyia mpoBeneHa 3 JOTPUMaHHSIM MPUHILIUITIB
[enbcincebkoi mexmapaiii mpas moauau, KonseHiii Pagn
€BpoIu Mpo IMpasa JIOIUHU i OiOMeAUIINHY, ETUYHUX Ta
MOpaJIbHO-TIpaBOBUX BUMOT CTaTyTy YKpaiHChKOI acolialrii
3 6ioetuku i Hopm GCP (1992 p.), GLP (2002 p.). ITporo-
Ko0J po0oTu OyB yxBasieHUit KoMiTeToM 3 MEAMYHOI €TUKU
pu 1Y «Hamionansuuii incturyt Teparii imeni JI.'T. Mamoi
HAMH VYxkpainu».

3a cryneHeM Al xBopi po3momiIsINCh TAKUM YMHOM:
AT 2-ro ctynens peectpyBanach y 19 oci6 (43 %), A" 3-ro
crynens —y 25 (57 %); 3a cranom kommnieHcatii [1J12: ctan
kommneHcauii LIJI2 BusiBneno y 10 (23 %) xBopux, cTaH Jie-
KoMIteHcauii — y 34 xsopux (77 %).

Y XxBopUX BUSIBJISUIUCH Taki (paKTOpU pU3UKY ceplie-
BOo-cynuHHMX 3axBopioBaHb (CC3): HaaIUMIIKOBa Maca
Tima —y 12 oci6 (27 %), oxupinns I ctynenst — y 18 oci6
(41 %), oxupinus I1 crymenss — y 14 xBopux (32 %), na-
JiHHg — y 12 oci6 (27 %). Takox Oyiu 1iarHOCTOBaHi Taki
CC3: imemiuHa xBopoba cepust (IXC) y Bursiai crabiabHOL
crenokapaii =11 ®K —y 17 xBopux (38 %), CH I cranii —
y 10 oci6 (23 %), CH IIA ctazii — y 9 oci6 (20 %).

OOCTeXeHHSI XBOPUX MPOBOAWIN 3 BUKOPUCTAHHSIM
CTAaHJAPTHUX KJIIHIYHUX, aHTPOTIOMETPUUHUX, JIaOOPaTOpP-
HUX Ta iHCTpYMEHTAJIbHUX METO/IB.

Hiarnoctuky AlI, LIJZI2 Ta CC3 i ix dpakTOpiB pUUKY
MPOBOMIN BiIMOBIAHO O YMHHUX EBPOIEHCHKUX Ta Ha-
LiOHAJTBHUX peKoMeHnauiii [1, 5, 17—19].

Hasgsuicte XXH Ta kareropii 3mid pLLIK® i ansoymi-
HYpii OL[iHIOBaJIU 3TiIHO 3 €BPOIEHCHKUMU PEKOMEHAALLi-
amu [12, 15]. Pusuk nporpecyBanus XXH BuzHauanu Ha
MiZACTaBi CyKymHOro aHajizy noka3HukiB plLIIK® ta AKC
ceui [12].

CraH ByTJIeBOJHOTO OOMiHY OIIiHIOBaJIM 3a PiBHSIMU
IJlikeMmii HaTIlle, MOCTIpaHaiaJbHOl IJIikeMii Ta piBHSIMU
[IIiKoBaHOTO TeMorno6iny (HbAlc) ¢pepMeHTaTMBHUIM Me-
TOIOM 3 BUKOpUCTaHHSIM aHajizaropa Humareazer 2000
(Himeuunna). OuiHKY JIiIiZHOro 0OMiHY IIPOBOIMIIN 3 BU-
KOpPUCTaHHSIM (DepMEHTaTUBHOTO METO/TY 3a JIOTIOMOTOI0
aHaizaropa Humareazer 2106—1709 (HimeuunHa).

Busnauennst plIIK® nposonuiu 3a hopmynoro CKD-
EPI 3 ypaxyBaHHSIM piBHiB KpeaTHMHiHY CUPOBATKU KPOBI,
SIKUW BUMIPIOBAJIM 32 JOTIOMOTOI0 (DepMEHTATUBHOTO Me-
tony [15]. AnpOyMiHypito JiarHOCTYBalM 3a JOITOMOTOIO0
ouinku AKC y pankosiii mopuii cedi [12]. Iy BUsHaueHHS
AKC mpoBoauIu BUMipIOBaHHSI BMIiCTy aJlbOyMiHY B ceui
iMyHODEPMEHTHUM METOAOM i3 BUKOPUCTAaHHSIM Ha0o-
py peakTusiB «Anb0yMiH-IDA» BupooHuLTBA «[paHyM»
(YxpaiHa) Ta BMiCTy KpeaTUHUHY Y cedi 3a J0IOMOro (o-
ToMeTpuuHOro merony (momudikauisa Adde 6e3 mempo-
TeiHi3alii) i3 BUKOpucTaHHSIM Habopy peakTuBiB Liguick
Cor-CREATININE Bupoonuursa CORMAY (Ilomabia).

CTaTUCTUYHMI aHaIi3 OTPUMaHMX JaHUX TTPOBEIECHO 3a
JIOIIOMOTOI0 CTAaHAAPTHUX METO/IIB i3 3aCTOCYBaHHSIM I1aKe-
TiB pukJiagHux nporpaMm Microsoft Excel 7.0 Ta SPSS 19.0.
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PesyAbTaTH

Pesynbratu aHajisdy GyHKILii HUpOK 32 JaHUMU 3MiH
nokazHuka plIIK® (3a piBHeM KpeaTUHiHYy B CUPOBATLIi
KpoBi) y xsopux Ha A" 3 LIJI2 cBimuaTh nipo ii 3HUKEHHS Y
OinbIIOCTI 0OCTeXXeHUX XBopuX. Tak, He3HAYHE 3HUKEH-
Hs pIIIK® y mexax kareropii G2 (60—89 mi/xB/1,73 m?)
OyJ10 BusiBiieHO y 22 xBopux (50 %), 3HuxeHHst pLLIK® Bix
HE3HAYHOTO IO MOMIpHOTO piBHS, Y Mexkax KaTteropii G3a
(30—59 mn/xB/1,73 M?) — y 18 mamienriB (41 %). OnHak y
HEBEJIMKOI YaCTUHU XBOpUX 1i€el KaTeropii (4 xBopi (9 %))
1Ie CIIoCTepiraeThest i HopMasibHa abo Bucoka plIIK® y
Mexkax kateropii G1 (> 90 mn/xB/1,73 M?).

ToGTo 3a pe3yabTaTaMy BU3HAUEHHS MOKa3HUKA
plIK® y 41 % nalieHTiB BXe TiaTHOCTYETHCS YPaKeHHS
HUPOK K opraHa-mimeHi XXH 3a. 3HmkeHHs TOKa3HU-
ka plIK® no kateropii G3a, 3a cydyacCHUMU peKOMEH-
namigmu [12], po3riasimaeThes SIK 4iTKa 03HaKa TaKoro
ypaxkeHHsI.

Bonnouac aHani3 3miH nokaznuka ACK ceui cBitunuTh
PO Te, 10 YpakeHHsI HUPOK sIK OpraHa-MillleHi BXe iCHY€E
y BipOTiZHO OUIBIIOT YACTMHU AAHOI KaTeropii XBOpUx — y
29 ocib (65 %, p < 0,05). Came y Takoi KiJIbKOCTi XBOPUX
BUSIBIISIETBCS TIOMipHE IMinBUIeHHs mokasHuka AKC ceui
B Mexax kateropii A2 (30—300 mr/r). Y BiporinHO MeHIIO1
yacTuHU XBopux (y 15 xBopux (35 %, p < 0,05)) moka3HUK
AKC ceui 3auinaBcst B MeXXax HOPMaJIbHOTO 200 HE3HAYHO
MiIBUIIIEHOTO PiBHSI — y MeXaxX KaTeropii anpoyMinypii Al
(< 30 mr/1).

IIpu aHami3i yacTOTH i BUPAKEHOCTI MiABUILEHHS IT0-
ka3Huka AKC ceui B o6cTexkenunx xpopux Ha Al 3 LIZI2 Ta
pizHuMu Kateropisimu 3miH pILIIK® (3a piBHeM KpeaTUHiIHY
B CUPOBATIIi KPOBi) OTpUMaHi HACTyIHi AaHi. BctaHoBIeHO,
o nomipHe nigsuineHHss AKC ceui (kareropist aib0ymiHy-
pii A2 (30—300 Mr/T), sIKe BXE pO3TJISIIAETHCS SIK ypaXkKeHHS
HUPOK SK OpraHa-MillleHi, 1iarHOCTYETbCS Yy MEPEBAKHOT
KizbkocTi xBopux Ha AT 3 1IJ12 3i sHmkenusim pIIIK® no
kareropii G3a — y 89 %. BonHouac BKa3aHe ITOMipHe ITij-
puieHHsT AKC ceui BUSABIAETHCS 1 Y 55 % XBOpUX 3 He-
3HauHUM 3HIKeHHSIM pIIIK® (kateropis G2), a TaKOX y

25 % xBOpUX 3 HOPMAJbHUM 200 BUCOKUM ITOKa3HUKOM
pLIK® (tabdsn. 1).

OpHak Tpeba BKas3aTu, 110 Y BCIX ITATpymnax XBOPUX 3
pizaumMu Karteropisimu pLIIK® (G1, G2 ta G3a) BUSBISA-
JIMCh XBOPi 3 HOpMaJIbHUM a00 HE3HAYHO MiABUILIEHUM PiB-
HeM aJibOyMiHypil B Mexax kateropii Al (< 30 mr/r). Haii-
OiMBIIOIO0 YaCTOTa TAaKMX XBOPUX OyJa B MiArpymnax XBOpUX
3 kateropigmu plIIK® G1 ta G2 (tab6u. 1). Cepen XBopux 3
kateropieto pLLIK® G3a nigBuliieHHsT abOYyMiHYypil He BU-
siysieThest B 11 % oci6 (mokasHuk AKC ceui y X XBOpHUX
3aIMIIaBCs B MeXax KaTeropii aapoyminypii Al). OqHak
BiJICOTOK Takux XBopux y nauieHTiB 3 plIIK® G3a OyB Bi-
porigHo menmwmii (11 %, p < 0,05), HiX BiICOTOK XBOpUX 3
nomipHuM ninuineHHsIM AKC ceui (89 %) (ta6a. 1).

VY paMmKax 1IbOTO AOCIIMKEHHS OyB BUBUYCHUI PU3UK
nporpecyBaHHsg XXH 10 TepMiHaIbHOI CTalil y XBOpUX Ha
AT 3 II/12. 3 1ieto MeTol0 MpoBeIeHUI KOMIJIEKCHUI aHa-
i3 3miH pLIIK® (3a piBHEM KpeaTMHIHY CUPOBATKU KPOBi)
Ta anbOyMiHypii (3a mokazHukom AKC ceui).

3a pe3yJisTaTaMu TAKOTO aHaJIi3y BCTAHOBJIEHO, 110 Y TTe-
peBaxHoi Ginbiocti xsopux Ha Al' 3 LIJ12 (72 %) BusiBis-
€ThC TiABUILEHUI pU3uK mporpecyBanusg XXH:y 36,3 %
XBOPUX — BUCOKUI Ta 'y 36,3 % — momipHuii. TibKu MeH-
11 HiX TpeTnHa XBopux (27,4 %) Moxe OyTH BimHeceHa 10
KaTeropii HU3bKOTo pu3uKy rporpecyBaHHst XXH (Tabi. 2).

O6roeopeHHs

Y pesyabraTi poOOTH BCTAaHOBJEHO, 110 Y 3HAYHOI Ya-
ctuHu xBopux Ha Al'y moegnanHi 3 1112 peectpyeTrbest ypa-
>KeHHST HUPOK SIK opraHa-MitieHi. [1pu 1iboMy BUBHAYEHHS
AKC ceui 103BoJIsIE BUSIBUTU BKa3aHe YpaKeHHS HUPOK
y BiporimHo 6ibIIoi yacTuHU XBopux (y 65 % 0cib), Hixk
BuzHaueHHs plIIK® 3a piBHeM KpeaTUHiHY B CMPOBATLIi
KpoBi (y 41 % oci0).

Baxk1MBUM pe3yabTaToM AOCHIIKEHHS € BUSIBIICHHS
migBumeHHss AKC ceui no kareropii anp0yminypii A2 y
55 % xBopux Ha AT 3 LI/12, y sikux 3a manumu plLIIK® 1re
He IiarHOCTYEThCS ypaxkeHHsI HUPOK SIK OpraHa-MillleHi.
To6to minBuieHHss AKC y cedi Mmoxe po3misiiaTuch K

Ta6bnuuys 1. Yactota (abc. 3Ha4. Ta BifjcOTKM) anb6ymiHypii (3a nokasHukom AKC cedui) y xsopux Ha Al"
3 A2 i pisHumu kateropismu pLLIK® (3a piBHeM KpeaTuHiHYy cupoBaTKu KpoBi)

Kateropii pLUK® (3a piBHAMU KpeaTUHiHy CUpOBaTKU KPOBi)
Kateropii anb6ymiHypii Kateropis G1: pLLUK® Karteropis G2: 3':;;?;: ;) L’:,D,GI-? eZHZH'lI_E)%
(3a nokasHukom AKC ceui) HopmMasbHa abo BUCOKa pLUK® He3Ha4HO 3HMXKEHa 110 NOMIPHOFO PIBHST
(pLLIK® > 90 mn/xs/ (pLLIK® = 60-89 mn/xs/ (pLUK® —%O—SQPMH /xB/
2 — 2 — -
1,73Mm?),n=4 1,73 M?), n = 22 1,73 M%), n =18
Kateropia A1: AKC ceui 9 (45) 3(11)
HopMarbHe/He3Ha4YHo 3 (75%) ~ 005 p < 0,05
nigsuLLieHe (< 30 mr/r) p>0, p1<0,05
Kareropis A2: AKC ceui 1 (25) 12 (55) 16 (89)
NoMipHO nigsuLLieHe p2 > 0,05 p > 0,05 pp1 < 0’ 05
(30-300 mr/r) p2 > 0,05 b2 < 0.05

Mpumitknu: p — BiporigHicTb Pi3HUL MiX YacToTor anbb6ymiHypii y xBopux 3 Kateropiamu plUK® G2 ta G3a
nopiBHAHO 3 xBopumMMU 3 Kateropieto plIK® G1; p1 — BiporigHicTe pi3HNLi MiX YacToTOl anb6yMmiHypii y xBo-
pux 3 kareropiero plIK® G3 nopiBHsiHO 3 xBopumMu 3 Kateropieto pLIK® G2; p2 — BiporigHicTb pisHUL MiX
4acToTor anbbymiHypii kateropii A1 i yacToTor anb6ymiHypii kaTteropii A2 y nigrpynax XBopux 3 pi3sHUMU

kareropisamu pLLIK®.

70 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 4, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Tabnuys 2. HYacrtora (abc. 3Ha4. Ta BiACOTKM) Pi3HUX KaTeropivi pusmnky nporpecysaHHss XXH y xsopux Ha Al
3 142 3a gaHnmm KoMnneKcHoi oyiHku 3miH pLLIK® i anb6yminypii

- XBopi Ha Al
KaTteropii pu3auky nporpecyBaHHsa XXH 3 U2 (n = 44)

Husbkuih pusuk nporpecysaHHa XXH: kateropii pLUK® G1 (pLLUK®D > 90 mn/xs/1,73 mM?) abo
G2 (pLLUK®D = 60-89 mn/xe/1,73 M?) Ha dooHi kaTeropii anb6bymiHypii A1 (AKC cedi HopmanbHe/ 12 (27,4)
He3Ha4Ho nigsuLLeHe (< 30 mr/r))
MomipHuii pu3uk nporpecyBaHHsA XXH: kateropii pLUK® G1 (pLUKD > 90 mn/xe/1,73 m?) abo
G2 (pLWUK® = 60—-89 mn/xB/1,73 M?) Ha dhoHi kaTeropii anb6ymiHypii A2 (AKC ce4i nomipHo nigsu-
LeHe (30-300 mr/r)) 16 (36,3)

a6o p > 0,05
kaTeropia pLUK® G3a (pLUKD = 30-59 mn/xe/1,73 m?) Ha dhoHi KaTeropii anb6ymiHypii A1 (AKC
cedi HopmMasnbHe/He3HaqHo nigsuileHe (< 30 mr/r))
Bucokuii pusuk nporpecyBaHHs XXH: kateropis pLUK® G3a (pLUK®D = 30-59 mn/xs/1,73 M?) 16;%66%)
Ha hoHi kaTeropii anbbymiHypii A2 (AKC ceui nomipHo nigsueHe (30-300 mr/r)) pp1 ~0.05
MomipHui + BUCOKUI pU3uK nporpecyBaHHA XXH ;’E (07(2)2.)

TMpumiTKkK: p — BiporigHIicTb Pi3HULI MiX 4aCTOTOO MOMIPHOIro, BACOKOro, MoMipHOro + BUCOKOIro pU3uKy i 4acTto-
TOI HU3bKOIro pU3unKy; p1 — BiporigHiCTb Pi3HULi MiXX HACTOTOIO BUCOKOIO i MOMIPHOIro pU3unKy.

OLTbII paHHI MapKep YpaXkeHHsI HUPOK Y 11i€i KOMOPOimHO1
KaTeropii XBopux, HiX 3HKeHHs1 plIIK®D, gke BU3HAYAETh-
csl 3a piBHEM KPEeaTUHiHY B CUPOBATIIi KPOBI.

CyTTeBe KJIiHiUHE 3HAYEHHST MA€ TaKOX i TO# (hakT, 1110
BusHaueHHs1 AKC ceui qomatkoBo 10 rmokasHuka plITK®
3a piBHEM KpeaTUHiHYy B CUPOBATIIi KPOBi 103BOJISIE CBOE-
yacHo cTpatudikyBatu xBopux Ha Al 3 LI[12 3a puzukom
nporpecyBaHHs XXH 3rigHo i3 cydacHUMU €BpONEHCbKUMU
pexomeHnaiismu [12].

OtpumaHi B poOOTi AaHi MPo 3HAYHY YaCTOTY YpakeHHSI
HUpoK y xBopux Ha Al 3 LI/I2 y 1ijioMy NOpiBHSIHHI 3 pe-
3yJIbTaTaMU IHIIWX JOCTIIKEeHb. Y HU31Ii TAKUX TOCTiKEHb
MoKa3aHo, 110 HalOiIbII yacToro mpuynHoo XXH e LI/12.
AJte Ipyroio 3a 4aCTOTOIO MPUIMHOIO po3BUTKY XXH mics
LIJ12 € AT [20, 22, 23].

OnHaK HeBUPILIEHUM 3aIMIIAETHCS MUTAHHS ITOCTi-
noBHOCTi 3MiH pLIIK® i anpbymiHypii, HasBHICTb i BUpa-
JKEHICTh albOyMiHYpil Tpy pizHUX BapiaHTax 3miH pLIIK®D
y xBopux Ha Al 1IJ12, a Takox npu moemHanxi Al 3 LIJ12.
Tak, y HU3LI TOCTiIKEHb BKa3y€eThCs Ha T€, IO albOyMi-
HYpis MOXe BUHMKATU TiJIBKU micis 3HMXeHHs: plIIK®
[14]. OnHak iHIIi pOOOTH HABOASATH CBIUEHHS TOTO, 1110
anpOyMiHypist 3amobirae 3HmkeHHI0 pIIIK®D, 30kpema, ipu
12 Ta moennanHi LIJ12 3 AT [24, 25]. ¥V npoBeneHOMY
HaMU JOCJiIXKEeHHi 10CTaTHLO YiTKO MOKa3aHo, 1110 ITOMip-
He MiIBUIICHHS aJbOyMiHYpii 10 KaTteropii A2 3a JaHUMU
BusHaueHHsI AKC ceui po3BUBAETHCS Y TPETUHU XBOPUX Ha
AT 3 2 e no 3HmxeHHs pLIIK® no kateropii G3a, sika
€ OJTHUM 3 KPUTEPiiB ypaxkeHHSI HUPOK SIK OpraHa-MillleHi.

I1pu o6roBopeHHi 1€l mpodaeMu HeOOXiTHO 0COOIMBO
MiIKPECIUTH BaroMe MpOrHOCTUYHE 3HAYEHHST aJIbOYMiHY-
pii oo sk nporpecyBaHHss XHH, Tak i po3BUTKY ceplie-
BO-CYAMHHUX Toiii [ 14, 26, 27].

OTpuMaHi pe3yabTaTy MPOBEACHOrO TOCIIKEHHS, a
TaKOX BUILEHABEICHI JIiTepaTypHi AaHi CBiIYaTh Ipo Te, 1110
nigsuieHHs AKC ceui 10 Kareropii momipHoi aiboymiHypil
A2 € ofHMM 3 paHHIX MapKepiB ypaxkeHHS HUPOK Y XBOPUX
Ha A" 3 LI/12, i ommiHKa IIbOTr0 IMOKa3HWKA MOBUHHA ITIPOBO-

IUTUCH TOoAaTKOBO 10 Bu3HaueHHs pLIIK® y xBopux miei
KaTeropii Aj1s1 HaliOUIbIl paHHBOI AiaTHOCTUKU YPasKeHHS
HUPOK Ta MPOTHO3YBaHHSI pU3UKY IporpecyBaHHs XXH i
CepLEBO-CYAUHHUX YCKIIATHEHD.

BucHoBKkM

BcranosneHo, 110 ripu aHamizi 3miH pIIIK® (3a piBHeM
KpeaTUHiHy B cupoBartii KpoBi) y 41 % xBopux Ha Al y
noeaHanHi 3 L2 peectpyeTbest 3HmkeHHs1 pLLIK®D no ka-
teropii G3a, 1110 BKa3ye Ha HassBHICTh YpaXXeHHSI HUPOK SIK
opraHa-MiieHi. AHami3 3miH AKC ceui 103BoJisie BUSIBUTU
YpaxKeHHsI HUPOK SIK OpraHa-MilleHi (ToMipHe IMiIBUIICHHS
AKC ceui 1o kareropii A2) y BiporiiHo 0ilblI0T YaCTUHU
XBOpuX — y 65 % oci0.

[Tomipne ninBuiieHHst AKC ceui (kaTeropist aibOyMiHy-
pii A2) miarHOCTY€EThCS HE TUIbKU Y IIePEBaKHOI OiIBIIOCTI
xBopux Ha AT 3 /12 3i sHmkeHHsIM pIIIK® no kareropii
G3a (y 89 % ocib), ane it y 55 % XxBOpHX 3 HE3HAYHUM 3HU-
keHHsaM pILIIK® (kareropis G2) i HaBiTh y 25 % XxBopux 3
HOpPMaJIbHUM a00 BUCOKUM ToKa3HukoM pLIIK® (3a kpe-
aTUHIHOM Y CUPOBaTIi KPOBi).

BusnaueHHst pusuky nporpecyBaHHsi XXH Ha migcra-
Bi KOMITJIEKCHOTO aHajii3y nokasuuka plIIK® (3a piBHeM
KpeaTuHiHYy B cCUpoBartiii KpoBi) i mokasHuka AKC ceui cBin-
YUTh MPO Te, 110 Y IepeBaKHOI OiUTbIIOCTI XBopux Ha Al 3
T2 (72 %) icHye minBUIeHWI pu3UK nporpecyBaHHs XXH
(y 36 % xBOpUX — BUCOKUI Ta'y 36 % — MOMIpHMIA), i TITbKA
MEHIIIe HiXK TpeTUHA TaKUX XBOPUX MOXKe OyTH BigHeceHa 10
KaTeropii HU3bKOTO PU3UKY IMporpecyBaHHs XXH.

I[MigBumenHsa nmokazHuka AKC ceui mo kareropii
nmoMipHoOi anbOyMiHypii A2 € OibIll paHHIM MapKepoMm
ypaxXeHHsI HUpoK y xBopux Ha ATl 3 LI/12, HiX 3HUKEHHS
plIK®, sixe BU3HAUa€ThCS 3a PiBHEM KpPEaTUHIHY B CU-
poBarii KpoBi. Tomy BuzHaueHHss AKC ceui HeoOXimHO
MPOBOJAUTU A0AaTKOBO 10 oliHkK pIIIK® y uux xBopux 3
METOI0 HalOIIbII paHHBOI 1iarHOCTUKY YPaXKEHHSI HUPOK
Ta MPOrHO3yBaHHS pU3MKYy mporpecyBaHHsa XXH i cepue-
BO-CYIMHHUX YCKJIaJHEHb.
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KondumikT inTepeciB. ABTOpH 3as1BJISIIOTH MPO BiJICYTHICTD
KOHDIKTY iHTepeciB Ta BacHOi (hiHAaHCOBOI 3alliKaBIeHO-
CTi IIpY MiATOTOBL JaHOI CTATTi.
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HamucaHHs ctaTTi; Munocnascbkuil .K. — cucrematu-
3allisI JTiTepaTypHUX IKepea Ta GOpMyBaHHS MEPETiKY 10~
CUJIaHb.
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Increase in urine albumin-to-creatinine ratio as one
of the earliest markers of renal damage in patients
with hypertension and type 2 diabetes mellitus

Abstract. Background. The combination of hypertension and
type 2 diabetes mellitus (T2DM) is associated with a particularly
high risk of cardiovascular and renal complications. In accordance
with current international guidelines, two criteria are used to diag-
nose chronic kidney disease (CKD): estimated glomerular filtration
rate (¢GFR) and urine albumin-to-creatinine ratio (ACR). How-
ever, at present, the nature and stages of changes in urine ACR and
their relationship with changes in eGFR in hypertensive patients
with T2DM have not been sufficiently studied. The purpose was
to investigate the frequency and severity of increased urine ACR
in hypertensive patients with T2DM. Materials and methods. We
examined 44 patients with stage I1 hypertension grade 2—3 and
T2DM aged 40 to 64 years: 20 (45 %) men, 24 (55 %) women. The
examination was carried out using standard clinical, anthropo-
metric, laboratory and instrumental methods. Diagnosis of hyper-
tension, T2DM, cardiovascular diseases, their risk factors, CKD
and categories of changes in eGFR and albuminuria were assessed
in accordance with European and Ukrainian guidelines. eGFR
was calculated using the CKD-EPI equation, taking into account
serum creatinine levels; albuminuria was diagnosed by assessing
ACR in the morning urine. Results. When analyzing changes in
eGFR, 41 % of hypertensive patients with T2DM had a decrease
in eGFR to G3a category, which indicates the presence of kidney

damage as a target organ. Analysis of changes in urine ACR allows
us to identify kidney damage as a target organ (a moderate increase
in urine ACR to A2 category) in a significantly larger proportion
of patients — 65 % of people. A moderate increase in urine ACR is
diagnosed not only in most hypertensive patients with T2DM with a
decrease in eGFR to G3a category (89 % of cases), but also in 55 %
of individuals with a slight decrease in eGFR (G2 category), as well
as in 25 % of patients with normal or high eGFR. Determining the
risk of CKD progression based on simultaneous analysis of eGFR
and urine ACR indicates that the vast majority of hypertensive
patients with T2DM (72 %) have an increased risk of CKD pro-
gression, and only less than a third can be classified as those at risk
of CKD progression. Conclusions. An increase in urine ACR can be
considered as an earlier marker of kidney damage in hypertensive
patients with T2DM than a decrease in eGFR, determined by the
level of creatinine in the blood serum. Evaluation of urine ACR
should be carried out in addition to the determination of eGFR
in all patients in this category in order to diagnose kidney damage
as early as possible and predict the risk of CKD progression and
cardiovascular complications.

Keywords: hypertension; type 2 diabetes mellitus; chronic kidney
disease; estimated glomerular filtration rate; urine albumin-to-cre-
atinine ratio
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/\bBIBCbK HALIIOHQABHU MEAMYHN YHIBEDCUTET iMeHIi AQHUAQ FamLbKkoro, M. /AbBiB, YKpQiHO

P13k BUHUKHEHHS
iLLemMiyHO1 XBOpOo6Uu cepus y NALUIEHTIB
3 LYKpOBUM Aiab6eTom 2-ro tTuny
TO MeTAO0OAIYHUM CUHAPOMOM

Pe3tome. AKTyanbHicTb. AKTyasibHICTb PO60TH 06YMOBIIEHA 3POCTaHHSIM MOTPE6M y epcoHighikoBaHoMy nigxoai
[0 BeeHHs naujieHTiB 3 iLuemidHoto xBopoboro cepys (IXC) Ta yykposum giabetom 2-ro tuny (L4A2), wo BuHMKIM
Ha rpyHTi metabornidyHoro cuHgpomy (MC), Ta BcTaHOBREHHI iHAVBIAYaIbHOro pU3nKy 151 KOXHOro xsoporo. Merta:
3’scyBatv METOANKY BUSHAYEHHS iIHANBILYallbHOro pU3NKY BUHWKHEHHS YCKITaAHEHb Y KOXXHOIo KOHKPETHOro ra-
yieHta 3 MC 3 BUKOpUCTaHHAM MOKa3HWKIB JinigHoro, ByrneBoaHoro Ta ropMoHasibHoro criektpa. Marepianu ta
meTtoan. [poseneHo focnigxeHHs1 319 ocié 3 MC. CghopmoBaHo 6 KniHiuHuX rpyn. | rpyna sBkmo4ana 82 nayieHTv
3 MC, Il — 39 xBopux 3 U2 (ctaH komneHcayii) Ha ¢ooHi MC, Ill — 35 nayieHTis 3 L2 (cTaH gekomneHcadii) Ha
¢oHi MC, VI rpyna — 44 ocobu 3 IXC Ha ¢poHi MC, V — 44 nauieHtn 3 IXC Tta 42 (ctaH komneHcauii) Ha ¢hoHi
MC, VI rpyna — 75 xsopux 3 IXC Ta U2 (cTaH gekomneHcadii) Ha gpoHi MC. KoHTporbHa rpyna — 40 350poBux
oci6. XKiHku romix ycix xsopux ctaHoBumm 69,9 %, Honosiku — 30,1 %. Po3paxoBaHO MeTOAUKY BUSHAYEHHSI
iHauBigyanbHoro pusuky IXC y koxHoro navieHta 3 MC (3/6e3 Li[]) 3 BukopyCTaHHsIM BULLEBKa3aHUX NMOKa3HUKIB
i noganbLo Moby[oBOK MPOrHOCTUYHOI Mogesli IMOBIPHOCTI. Pe3ynbTatn. BussrieHO BupaxeHi 3pyLLeHHSs
BYr71eBO[HOro 0O6MiHy 3a HasiBHOCTi cTaHy AekomneHcadii y nayieHTie 3 2. HecneynbidHnMy BUSBUIINCH 3MIHU
ninigHoro metaboniamy cepeg ycix rpyn npu IXC ta U2 (ctaH gekomneHcadii) 3 MC. BusisrieHo B3aeMO3yMOBIEHI
3MIiHV TUPEOTPOITHOro roOPMOHY, KOPTU3OJ1Y, MPONAKTUHY Ta IHCY/IIHY y NayieHTIB 3a51eXHO Big (hopMU Ta TSKKOCTI
CUHTPONIYHOI nartosorii. BpaxoByro4n BULLEBKa3aHI MOKa3HUKU, pO3paxoBaHo MOLESb BU3HAYEHHS NMEPCOHIIKO-
BaHoro pusuky IXC ans koxHoro nayieHta 3 MC (3/6e3 Lf]). Byno Bigi6paHo 15 ¢hakTopis, fiki, 3a AaHUMU BIIACHNX
CrIocTepexxeHb, Moriv 6 BramBaty Ha po3sutok IXC y nayieHTis 3 MC. lNpu ybsomy 6yno BuaHa4eHo 10 ¢hakTopis,
AKI Many BiporigHuvi Brame Ha po3BuTok IXC. BusiBrieHo npeBeHTUBHUI XxapaKTep BrisiuBY XONeCcTEPUHY inonpo-
TeiHIB BUCOKOI LUYiNIbHOCTI Ta nponakTuHy (Y XiHOK) Ha BuHukHeHHs IXC Ta nposokyo4wii srinms L[, Biky, piBHIiB
TPUrmIiLepuaiB, TMPeoTPOrHOro ropMoHy, koptuaony, IMT Ta riikosaHoro reMorno6iHy. BusHadeHo ix koegilieHTn
perpecii, BiporigHicTb rnepeBsipeHo 3a JornoMoror Mmetogy Barnbaa, a yinoi Mmogeni — 3a JOMNOMOrot Kci-kBagpary,
TOYHICTb Mogeni ctaHoBuna 79,4 %, cneyngiyricte — 77,3 %, 4ytnusicte — 81,9 %. BUCHOBKW. Y nayieHTiB
3 MC cnoctepiranock 36inbLueHHs piBHS iHCyniHy Ta HOMA-IR, 3pyLueHHs ninigHoro crnekTpa; 3poCTaHHs PiBHS
MPONIaKTUHY Y XIHOK, TMPEOTPOINHOro ropMOHY Ta KOPTU30JTy Ha GOOHI HOPMasibHUX 3HaYEHb BiSTbHOIO TUPOKCUHY.
Hexomnercayis LIJ2 cynpoBomKyBanachk nigByLLEHHSIM PIBHS KOPTU3071y NPy HOPMasbHUX PIBHSIX TUPEOTPONHOro
rOPMOHY, Ha BiMIHY Big cTaHy komneHcayii LI[]2, 3Ha4eHHs1 nponiakTUHY Y XIHOK BIPOrigHO MigBULLEHI, He3anexHo
Big KomnieHcadji. 3anpornoHoBaHo METOANKY 00HYNCIIEHHS IHANBIAYAIIbHOIrO PU3NKY BUHUKHEHHST iLLEMIYHOI XBOpoou
cepusi y XBoporo 3 MeTabosliqYHM CUHLPOMOM i3 3aCTOCYBaHHAIM MOKAa3HWUKIB aHTPOrNoMeTpii, ByrfieBogHoOro 1a
JiNigHOro crnekTpa, KopTn30os1y, NPonakTUHy Ta TUPEOTPOMNHOro rOPMOHY .

Knro4oBi cnoBa: mera6onidHuii cuHgpoMm; LyKpoBui giabet 2-ro Tuiy; iLuemidHa XxBopo6a Cepusi; MporHo3y-
BaHHSI; chaKTopu pU3nNKy
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Bctyn

Metaboniunuii cunapom (MC) — KOMILIEKC B3aEMO-
OB’ SI3aHUX KapAioMeTa0OoIiYHMX PO3JIaIiB, 110 BKIIOUAE
iHcyniHope3ucTeHTHicTh (IP), oXXupiHHS, 3HUXKEHUI pi-
BEHb XOJIECTEPUHY JIIMONPOTEIHiB BUCOKOI IIiabHOCTI (XC
JITIBII) Ta ninBuienuit piseHb Tpuriiuepuais (TT) y cu-
pOBaTLIi KPOBi, a TAKOX IMiIBUILEHHS apTepiaJbHOIO TUC-
Ky (AT). Moro HasiBHICTb, 32 pe3yJIbTaTaAMU JOCITIKEHHSI
ARIC Tta JHS, BiporigHo 36inbinye 10-piyHUil pU3UK BU-
HUKHEHHS IIyKpoBoro aiadety 2-ro tumy (LIJ12) [1].

HasBricts LIJI yaBivi 30i1bI1yE PU3UK CEPLIEBO-CYINH-
HUX Tofii [2, 3], y KOXXHOro TpeThoro aopocioro 3 LI/12 Ha-
SIBHE 3aXBOPIOBaHHSI CEPLIEBO-CYIMHHOI cucTeMU. [ieMiuHa
xBopoba cepirst (IXC) crana mpuurHoro 6113bKo 60 % Buma-
KiB cMepTi y xBopux Ha LIJI [4, 5]. [Tommpenicts LI Ta cep-
LIEBO-CYIMHHUX YCKJIAJIHEHb 32 OCTAHHI NECATUIIITTS 3pocia
i yce JacrTille cTae OCHOBHOIO IIPOOJIEMOIO OXOPOHM 3I0POB’sI
[6]. AkTyanbHicTb i€l pOOOTH 0OYMOBJIEHA 3pOCTAHHSIM I10-
Tpedu y nepcoHiikoBaHOMY IiIXO/i 10 BeIEHHSI MAlliEHTIB 3
IXC ta LIJ12, o BuHuKIM Ha rpyHTi MC, Ta BCTaHOBJIEHHI
IHIMBIAYaJIbHOTO PU3MKY [IJIs1 KOXXHOTO XBOPOTO.

CepueBo-CyIMHHI 3aXBOPIOBaHHS (DOPMYIOTh HETaTUBHI
neMorpadiyHi TeHAEHIIIT y CBiTi, 1110 30iJIbIIIYE 3aXBOPIOBa-
HICTb, iIHBaJIiAHICTh Ta CMEPTHICTh. 3a HasiBHOCTI MC pu-
3WK BUHUKHEHHSI CeplieBO-CYAMHHIX 3axBoploBaHb (CC3)
30i/IbIIYETHCS BIBIYi, a pu3uk 1112 30iab1IyeThCs Y 5 pasiB.
Hagsnicts LIJI2 BrummBae Ha puszuk CC3 (miabeTnuHy Mi-
KpoaHrionatito, Miokapaionuctpodito, BereraTuBHY Iia-
OETUYHY HEMPOIaTilo, a TAKOX aTePOCKIIEPO3 KOPOHAPHUX
cynuH ta IXC) [7].

MC, Ha rpyHTi IKOro BUHMKA€E CUHTPOITIYHA MaTOJIOTis,
BUKJIMKA€E OCOOJIMBY 3a1liKaBJIEHICTh Cy4aCHUX HAyKOBIIiB 3
OIJIsIly Ha BULLUI PU3UK HECTIPUSTIMBUX CEPLIEBO-CYINH-
HUX TIOAil, aTUIIOBUII IepeOir Ta moiopraHHuiA XapakTep
ypaxeHb IpH 1iboMy. [1oTpeda qociinkeHHsI CHHTPOMiYHOL
IXC ta L2 Ha rpyaTi MC nopomxkye 3aiiKaBJIeHICTb y
nepcoHi(piKoBaHOMY ITiAXO/i IO TiarHOCTUKM TaKMX ITalli-
€HTIB, i3 BIUIMBOM Ha TaKTUKY iX JiKyBaHHSI.

MeTa nociBKeHHS: 3’ sICyBaTU METOIMKY BU3HAUYCHHS
IHIMUBINYaIbHOTO PU3UKY BUHUKHEHHS YCKIaIHEHb Y KOX-
HOTO KOHKPETHOTO TalliEHTa 3 METa0OJiYHUM CUHIPOMOM
3 BUKOPUCTAHHSIM TTOKa3HMKIB JIiMiTHOTO, BYIJIEBOAHOTO Ta
TOPMOHAJIBHOTO CIEKTpPa.

MaTepiaAn Ta MeToAmn

VY nocnimxenns 3anydeHo 319 nauienTis 3 MC. Tpose-
JIeHO (DOpMyBaHHS TpyIl 3a JiarHOCTOBaHMMU y HuX LIJ12
ta/a6o IXC. [lo I rpynu ygitiuium 82 nauientu 3 MC. Jlo 11
rpynu — 39 nauienTis 3 LIJ12 (cTan kommeHcattii) 3 MC. 111
rpyma copmoBana 3 35 xBopux Ha LIJI2 (craH nekomIeH-
cariii) 3 MC. Ho IV rpynu Hanexanu 44 ocoou 3 IXC i MC.
V rpyny ctanoBusM 44 nanienTu 3 IXC ra LIJI2 (ctaH koM-
neHcauii) 3 MC. VI rpyna npeacrasiena 75 xgsopumu 3 [XC
ta IIJ2 (cran nekomrmeHcatii) 3 MC. JIo rpynu KOHTPOJIIO
yBiium 40 oci0, 1m0 0yaIu mMpakKTUIHO 310poBi. YomoBiku
cranoBuiu 30,1 %, xinku — 69,9 %.

Ju3aitH poOOTH MpeacTaBIeHU ABOMA eTaraMuy 10CTi-
mxeHHs. [lepmmii etan xapakTepus3yBaBcsl TPOBEACHHSIM
AHTPOIIOMETPUYHMX, 3aTa/IbHOKIIHIYHUX JOCTiIKEeHb; BH-
3HAYEHO PiBHi KOPTU30ITY, TPOJAKTHUHY, BITbHOTO THPOKCH-

Hy (BT,) Ta TupeorpornHoro ropmony (TTT'), nocnimkeHo
ninigHuii Ta ByraesoaHuii (inneke HOMA-IP, rnikoBanuit
remorio6iH — HbAlc, iHcyitiH, r10Ko3a KpoBi) MeTabo-
JIi3M, CTATUCTUYHO OMPAI[bOBAHO PE3yJIbTaTHU.

Ha npyromy etarmi cTBOpeHO METOAMKY OOUMCIEHHS iH-
NMUBinyasbHOTO pU3UKy BUHUKHEeHHS [XC y KOXHOTO KOH-
KpeTHoro mnaiieHTa 3 MC 3 BAKOPUCTaHHSM OKPEMUX Mapa-
METpIB JIIIiTHOTO Ta ByIJIEBOIHOTO OOMiHY i TOPMOHAJIBHUX
MOKAa3HUKIiB 32 JOITOMOTOIO0 MOOYIOBU MPOTrHOCTUYHOI MO-
nenti imoBipHOCTi po3BUTKY IXC y mauienTiB 3 MC.

Bepudikartito MC 3nificHIOBaIM 3TiIHO 3 KPUTEPISIMU, BU-
3HayeHMMHU MixHaponHo ¢enepauieto niadety (IDE 2015).
IXC miarHOCTOBaHO BiOMOBIIHO IO YMHHUX peKOMEHIAIIIIA
i HacTaHOB AMEpPUKAHCBHKOI acolliallii cepiist Ta €Bporeii-
CBbKOT0 ToBapucTBa Kapmaiosori. [iarno3 IXC mpencrapie-
Huii 11 @K crabinpHOi creHokapaii Ta [-I1 DK ceprenoi
HEIOCTAaTHOCTI, 1110 TiATBEPIKEeHi paHillle IPOBeIeHUMU 00-
crexeHHsMU. LIJ12 miarHOCTOBaHO BifAIIOBIIHO 10 YMHHUX
pexomenaaiiit ADA ta EASD. KputepieM niarHocTuku ae-
komrieHcoBaHoro LIJ12 6y mokasauku HbAlc > 7,5 %.

BukopuctaHo MeTOI JOTiCTUYHOI perpecii 3 MOKpo-
KOBMM BKJIIOUEHHSIM O3HakK, 110 Oynu Biporimanumu. Lleit
METOJI I03BOJIMB BCTAHOBUTHU 3aJIEKHICTh KOXHOI O3HAKU
(IXC) Bin meKiabKOX iHIIMX MOKA3HUKIiB, a TAKOX CTBOPIO-
BaTHU TepcoHihiKOBaHMI1 MPOTHO3 MMOBIPHOCTI PO3BUT-
Ky IXC 3anexHo Bin iHAMBiAyaIbHUX 3HaYEHb O3HAK, 1110
BKJTIOUAJIUCh Y PETPECiiiHy MOJIEb.

ImoBipHicTh BuHUKHeHHs IXC (M) 3a1exHo Bin BcTa-
HOBJIEHUX (paKTOPiB 00UMCTIOBAIACH 32 (POPMYJIOIO:

1
= 1
M I+e“'X100%’ (1)
ne e = 2,718... — ocHOBa HaTypajibHUX Jorapucmis, C —
BeIMYMHA, 004MciieHa 3a popMyIIoIo:
C=K+px,+px,t..4x, (2

ne K — KoHcTaHTa, 5 — KoedillieHTH TIpu KOKHOMY (hak-
TOpi, X, — 3HaAYeHHS (HaKTOPiB.

TeopeTnuno M Moxe mipuitmMatu 3HaueHHsI Bix 0 % (He-
MoxxiBa Tofist) 1o 100 % (mozist BinOyBaeThCsl 3aBXKIN).
Mexelo, Bulle 3a Ky iMoBipHicTh BuHNKHeHH: [XC BBa-
Kajach BUCOKOI0, TpuitHaATO 50,0 %.

BiporinHicth 00uncieHUX KoedillieHTIB ITepeBipsuIach
3a JorromMororo Merony Banpna, a minoi Momesi — 3a go11o-
Moroio Kci-kBanpaty (Chi-square). I Bu3HaueHHs Tiel
YacTKM JUCTIEPCii, IKy MOXHA MOSICHUTH 3a I0TTOMOTOI0
BKJIIOUEHUX Y perpeciiiHy Monesb (hakTopiB, HaMU aHali3y-
BaBcs R-kBampar Hagenpkepkeca (R Square Nadelkerkes).

Po3paxyHKu TpOBOAMIIMCH i3 BAKOPUCTAHHSIM TIpOrpam-
Horo 3a6e3neyeHHs RStudio v. 1.1.442 Ta R Commander
v.2.4-4.

PesyAbTaTi

JocnimkeHo napaMeTpy ByIJIeBOIHOIO OOMiHY, pe3yib-
TaTH HaBelIeHi y Taom. 1.

Ax nokazaHo y Tabia. 1, HalBUIIUI PiBEHb TJIOKO-
31 KPOBi HaTIle crocTepiraBcs y mauieHTiB rpynu 111 —
8,45 [8,22; 9,01] mmonb/n Ta rpynu VI — 8,25 [7,84;
8,91] MMonb/11, 1110 MiATBEPIKY€E HASBHICTh Y LIMX OCiO
nekomrieHcoBaHoro LIJI2 sk 6e3 IXC, Tak i 3 IXC. Leit
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MOKa3HUK OYB BUIIMUI 1010 KOHTPOJbHMUX BeJIMIuH (4,55
[3,81; 4,75] MMoJIb/T) B yCiX TOCTiIKYBaHUX TPYIIax sIK 0e3
112, tak i 3 LI/12. AHanoriyHa IMHAMiKa CIIOCTePIiraeThCs
1oz10 okasHukiB HbAlc.

Innexc HOMA-IR nHaiiBuiuii y rpyri V (B ocib 3 KoM-
neHcoBanuM [IJ12 Ta IXC nHa rpynti MC) — 7,5 [6,81;
§8,24] y.0. BemunHU 1IbOTO iHAEKCY TaKOX MEPEBUIIYIOTh
KOHTPOJIbHI 3HAYeHHSI B YCIiX TOCTiMKyBaHUX rpynax. Haii-
HUXYMI piBeHb iHCYJiHY BindHaueHo y rpymi VI (3 IXC
Ta nekomneHcoBanuM LIJI2 Ha rpynti MC) — 9,2 [7,93;
12,711 OJ1/mn, a HafiBUIIMM iHCYiH OyB y Tpymi V (3 IXC
Ta koMneHcoBaHuM LIJ12 Ha rpynti MC) — 22,79 [21,24;
25,06] O1/mut.

VY Tabn. 2 mokazaHO OCOOJUBOCTI JIITIHOTO OOMiHY Y
MHALI€HTIB TPYIT JOCTiIKSHHSI.

PiBeHp 3arasbHoro xosectepuny (3XC) ycix moci-
JKyBaHUX Ipym, KpiM rpynu I — 5,04 [4,43; 5,5] MMoab/1,
BipOTiHO TepeBUIIyBaB 3HAYEHHSI IPYIU KOHTPOJIO —
4,8 13,89; 5,19] mmonw/n. 3XC rpynu IV — 5,41 [4,995;
6,51] MMOJIB/JT — BUIIMI 1IO/I0 TTOKa3HUKa rpymu [ — 5,04
[4,43; 5,5] mmonb/a, a VI — 5,755 [5,02; 7,05] mMmoab/n
BiporigHo Bumui momxo rpynu III — 5,17 [4.,45;
5,98] mmonb/nTaV— 5,41 [4,21; 6,02] MMoJib/11.

Benuuunu TT ycix rpyn Builli 11og0 KOHTPOJIbHOIL
rpynu, a 'y rpymi VI — 2,57 [1,86; 3,62] mMmonb/1 — Bi-
porigHo Bumii Big IV — 1,95 [1,38; 2,48] mmonb/n Ta

V — 2,155 [1,4; 2,78] mmonw/n; TI' y rpymi I11 — 2,23
[1,83; 3,53] MMonb/n — Buui, Hix y rpymi [ — 1,9 [1,73;
2,21] MMOJIB/1.

PiBennr XC JITIBUI 3HukeHu#t BimHOCHO pedepeHT-
Hux 3HauyeHb — 1,25 [1,03; 1,54] Mmoab/1 — y mauieH-
tiB VI rpynmu — 1,07 [0,88; 1,2] mmons/in, V— 1,03 [0,94;
1,17] mmonb/a, HaitHwxuuit y IV rpyni — 0,89 [0,8;
1,02] mMonb/n. BiporinHuMu BiiMiHHOCTSIMU XapaKTepu-
syBanucs piBHi XC JITIBI mix rpymnoro IV Ta rpynamu V,
VIral.

BiporigHo Butiumu 111010 pecepeHTHUX 3HaueHb — 3,24
[1,87; 3,54] Mmoib/n1 — BusiBuiMCh nokasHuku XC JITTHIIT
VI rpymn — 3,64 [2,31; 4,29] mmonb/71, a Takox IV rpyrm —
3,9[3,24; 4,56] mmoib/1. [Tpu 1eomy y rpymi IV XC JITTHILL
TepPEeBUIIYE MOKA3HUKY Iyt [ Ta rpyrm V.

BusisneHo Biporinxi BinminHocti XC JITIIHIL. B ycix
rpymnax mei rmokasHuK nepeBuIlye pedepeHTHI 3HaUeH-
Hs1. BiporigHo BuimMu BimHocHO rpynu V — 0,98 [0,64;
1,26] mmounb/a ta IV — 0,89 [0,63; 1,13] MmMouib/i1 BUsI-
BuBcs piBenb XC JIIIAHII y rpymi VI — 1,12 [0,83;
1,65] mmonb/a. Beanunnu KA ycix mociimkyBaHUX rpyrl
MMalli€HTIB MepPeBUILYBaIN peepeHTHI 3HAaYeHHSI.

Oco06JMBOCTI TOPMOHAJIBHOTO CIEKTpa y Malli€HTiB J0-
CJIiIXKyBaHUX TPYIT HABeIHO y TaoI. 3.

BenuuuHu nposiakTUHY y XiHOK y Tpynax V — 14,23
[9,73; 22,0] ur/ma ta IV — 13,05 [8,95; 25,39] Hr/mi He

Ta6nnysi 1. Oco6mMBOCTi BYrnieBOAHOro o6MmiHy y nauieHTiB BOCNIAXYBaHUX rpyn

Ipyna 0, Ipyna I, Tpynall, Ipyna lll, Ipyna IV, lpynaV, I'pyna VI,

lNoka3uukm n=40 n=82 n=239 n=35 n=44 n=44 n=75
[MtoKo3a KpoBi 4,55 6,35 7,3 8,45 6,21 7,25 8,25
Hatwe, mmonb/n | [3,81;4,75] | [5,83; 6,73)% | [7,23;7,371"*% | [8,22; 9,01]*%* | [5,82; 6,53]*™* | [7,23; 7,38]*** | [7,84; 8,91]#1*
HbAIC. % 4,57 5,6 6,3 10,4 5,85 6,8 9,95

e [4,05;5,21] | [5,41;6,12]™ | [6,13;6,71]*% | [9,33; 11,8]*% | [5,52; 6,11]™ | [6,45; 7,2]*** |[8,93; 11,1112

IHaekc 2,09 4,04 6,15 7,21 4,28 7,5 3,3
HOMA-IR, y.o. [1,22;2,69] [[2,51;4,96]7%%| [2,91; 12,34]** | [5,14; 9,35]*¥ | [4,22; 4,92]*"* | [6,81; 8,24]"** | [2,62;6,71]"*
IHcyniH, OY/mn 10,03 16,05 20,25 15,6 17,2 22,79 9.2

Ynid, [5,87;12,91] | [9,95; 19,681 | [9,92;43,45] | [12,91;23,9) |[17,11;19,75]*|[21,24; 25,06]***| [7,93;12,71]"

TMpumitkn: * — pisHnys BiporigHa MiXx rpynamMmm Ta KOHTpoJsieM; * — pi3HUYs BiporigHa nopiBHsiHO 3 rpynoio I; £ —
pi3HnUs BiporigHa nopisHsHO 3 rpynoro Il; * — pisHnus BiporigHa nopisHsHo 3 rpynoro ll; © — pisunys BiporigHa no-
piBHsiHO 3 rpynoto IV; ' — pisHnys BiporigHa nopiBHsiHO 3 rpynoto V; ¥ — pisHnus BiporigHa nopiBHsiHO 3 rpyrnoto V.

Ta6bnunys 2. lNopiBHSAHHSI MOKa3HUKIB NiNiBHOro crnekTpa B 0ci6é AocnigXyBaHUX rpyn

Ipyna 0, Tpyna I, Tpynall, Ipyna lll, Ipyna IV, lpynaV, I'pyna VI,
S T n =40 n= 82 n=39 n=35 n= 44 n=44 n=175
48 5,04 53 517 5,41 5,41 5,755
SKC, MmOt | (58975,19) | [443;55]° | [467,583) | [445598] | [4,995 6,51 | [421:6,02] | [5,02:7,05"
0,85 1,9 2,1 2,23 1,95 2,155 2,57
Toumone | (069:094] | [173:221) | [1.79:23) | [183/353) | [138:248] | [1.4278] | [1.86:3,62)""
XC NNBLL, 1.5 1,20 125 11 0,89 09 s e 1,07
MMOAb/M [1,03;1,54] | [0,98;1,39]* | [0,97;154]" | [0,91;1,28] | [0,8;1,02]*™ 065 = 0,023 [0,88; 1,2]°"
XC NMHLL, 3,24 3,0 3,35 3,13 3,9 3,02 3,64
MMOnb/N [1,87;354] | [2,54:3,29]° | [2,74;3,71] | [2,32;3,65] | [3,24;4,56]*" | [2,41;3,47]° | [2,31;4,29]%
XC NMMAHLL, 0,39 0,86 0,95 1,01 0,89 0,98 1,12
MMOMb/N [0,31;0,43] | [0,79;1,01% | [0,81;1,05) | [0,83;1,6]* | [0,63;1,13]* | [0,64;1,26]% | [0,83;1,65]°
KA. yir.01 2,3 3,3 43 3,84 5,11 3,01 4,59
- Y08 [1,41;3,42] | [3,01;3,3]5% | [3,26; 4,48]"* | [3,31; 4,89]** | [3,85; 6,78]** | [2,44; 4,162 | [3,43; 58]

TMpumitkn: * — pisHnys BiporigHa MiXx rpynamm Ta KOHTposieM; * — pi3HUYs BiporigHa nopiBHsiHo 3 rpyrnoto I; £ —
Pi3HnUs BiporigHa nopisHsAHO 3 rpynoro Il; * — pisunus BiporigHa nopisHsHoO 3 rpynoro ll; © — pisunys BiporigHa no-
piBHsiHO 3 rpynoto IV; T — pi3Huys BiporigHa nopisHsiHO 3 rpynoto V; ¥ — pisHuus BiporigHa nopisHsiHO 3 rpynoto V.
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13
Tabnuysi 3. FopMOHanbHUY CIEKTP y NaylieHTIB BOCNIAXYBaHUX rpyn
I'pyna 0, Ipyna I, Ipynall, Ipyna lll, Ipyna IV, Ipyna V, I'pyna VI,

lMoka3suukm n=40 n=82 n=39 n=35 n=44 n=44 n=75
MponakTuH (), 10,9 18,03 19,61 18,08 13,05 14,23 18,4
Hr/mMn [7,7,15,4] [12,26; 30,7]" | [13,76; 24,63]" | [11,2;19,62]" | [8,95; 25,39] [9,73; 22,0] [13,44; 33,41)
MponakTtuH (4), 7,15 12,485 13,02 8,2 8,2 8,04 9,8
Hr/MA [6,70; 9,50] [9,14;16,1] | [12,89;13,59] | [7,0;10,7] [6,6; 9,45] [7,2;10,97] [5,9; 12,2]

1,91 2,55 2,99 2,31 2,85 3,005 2,42

T wMOIAY | 10.97:2.94] | [1425:6,05) | [145:6.35) | [149,602] | [14:933) | [104574F | [127:557)
8T, Hr/mn 1,38 1,35 1,2 1,24 1,355 1,23 1,4

« HIA [1,20;1,50] | [1,075;1,64] | [1,01;1,29] [1,01;1,7] [1,13;1,59] [1,05;1,61] [1,19;1,63]
KopTnaon, 159,68 226,95 1774 262,5 156,59 154,11 294,63
Hr/Mn [115,32; 188,51] |[154,98; 292,56]"|[143,88; 290,56]%([195,62; 299,17]%([121,78; 271,38]*| [99,95; 203]* |[205,78; 348,54]°*

Mpumitkn: * — pisHULS BiporigHa MiX rpynaMmu Ta KOHTposieM; * — pisHULS BiporigHa nopisHsHoO 3 rpynoo I; £ —
Pi3HnUs BiporigHa nopisHsAHO 3 rpynoro Il; * — pisunuys BiporigHa nopisHsHo 3 rpynoro lll; © — pisunys siporigHa no-
piBHsiHO 3 rpynoto IV; T — pi3Hnys BiporigHa nopisHsiHO 3 rpynoto V; ¥ — pisHuus BiporigHa nopisHsiHO 3 rpyroto V.

MEePEBUILYIOTh TTOKa3HUKIB pedepeHTHUX 3HaYeHb. [1pu
1IbOMY HaBUIIIMM BUSIBUBCS piBeHb IpoiakTUHy y 11 rpy-
m — 19,61 [13,76; 24,63] Hr/mu1, 1110 TTOPSI i3 TTapaMeTpaMu
VI rpynu — 18,4 [13,44; 33,41] ur/ma, 111 — 18,08 [11,2;
19,62] ur/mnta I — 18,03 [12,26; 30,7] Hr/Mi1 riepeBuUIIyBaB
KOHTPOJIbHI 3HaYeHHs (puc. 1).

3HavyeHHs MPOJIAKTUHY Y YOJIOBIKiB YCiX JOCTIMKyBaHIX
TPYTI BipOTiAHO HE BiPi3HSIOCH Bil KOHTPOJIbHUX BEJIMYMH,
MIpoTe crocTepirajach TeHACHIIiSI 10 Oro MiABUIEHHS Y
rpymi I — 12,485 [9,14; 16,1] ur/mn Ta IT — 13,02 [12,89;
13,59] Hr/mut om0 KOHTPOJBHUX BeIUIuH — 7,15 [6,70;
9,50] ur/mut.

BiporinHo nepeBuiiyBaiu pedepeHTHI 3HaUYeHHS PiBHi
TTT y nauientiB V rpynu — 3,005 [1,045; 7,4] mxOn/m,
1T rpymm — 2,99 [1,45; 6,35] MkM O/, a Takox [V — 2,85
[1,4; 9,33] MkMO/mn i I — 2,55 [1,425; 6,05] MkMO/n,
toxi gk rpynu VI Ta 111 mepeOyBaau Ha piBHI KOHTPOJIBHUX
BeJMYMH (puc. 2).

PiBHi BT, ycix rpym 1ociigKeHHs BipOTiTHO HE MepeBU-
LIyBaJIM TPYIy KOHTPOJIIO.

V nauienris 111 rpynu — 262,5 [195,62; 299,17] ur/mi,
I rpymm — 226,95 [154,98; 292,56] ur/mi, a Takox VI —
294,63 [205,78; 348,54] Hr/muI crioCcTepiralnch MiABUILEHI
moao pedepeHTHUX 3HaYeHb MapaMeTpu KOPTU30JTy Ha
Binminy Bin rpyn I Ta IV (puc. 3).

V xoni BUKOHAaHHS poOOTH BifiopaHo 15 ¢akTopis, sKi,
3a TaHUMU JIiTepaTypu, MOTJIU O BIJIMBATH Ha PO3BUTOK
IXC. BukopuctaHo MeTo[ JIOTiCTUYHOI perpecii, MoKpo-
KOBO BKJIIOUEHO BipOTifHI 03HaKM 3a MeTonoM Banbaa,
BuokpemiieHo 10 dakropis, sIKi MalOTh BipOTiAHUIA BILJIUB
Ha po3BuTok IXC. 3HaueHHs iX KoeDillieHTIB perpecii Ha-
BeJICHO B Ta0I. 4.

3 aHamizoBaHUX (AKTOPIB IEeB’SITh MaIU KilbKiCHY
mkany, a onuH (LIJ12) — mopsimkoBy HamiBKiabKicHY (0 —
BincytHicts LI/12, 1 — HasgBHicTH KOMOeHcoBaHoro 1112,
2 — HasBHIiCTb nekoMnieHcoBaHoro L1J12). Bctanosneno,
110 J1Ba (haKTOpU Majiv TIPEBEHTUBHY Aito Ha mosiBy IXC —
nponaktuH (k) Ta XC JITIBIL, a inmri BiciM mapameTpiB
MaJli TIPOBOKYIOUYH A BIUIUB.

BiporigHicTh 00uncaeHnx KoedillieHTiB mepeBipeHo
3a JoroMorolo Metony Banbma, a mioi Momeni — 3a o-
TMOMOTOI0 KCi-KBaiparTy, 3HaueHHs sikoro 198,4 BkazyBajno
Ha Te, 1110 OTpUMaHa MOJIeJIb € BipOTiIHO0, 3 TMOBIpHICTIO

B [MponakTuH (), Hr/mn

Ipyna VI
pyna V
Ipyna IV
Ipyna lll
pyna ll

pyna |

Ipyna O

0 5

PucyHok 1. Benn4nHu nponakTuHy y XiHoK
AocnipKyBaHnx rpyn

B TTr, mOp/an

Mpyna VI
pyna V 3,005
Mpyna IV 2,85
Mpyna lll
Mpyna ll 2,99
Ipyna |

pyna 0

0

0,5

PucyHok 2. Bennannn TTI y nauieHTiB
AocnigxXyBaHNX rpyn

B Koptuaon, Hr/mn

pyna VI 294,63
pyna V
Mpyna IV

Mpyna lli 262,5

Mpyna ll
Ipyna | 226,95

lpyna O

50 100 150 200 250 300 350

PucyHok 3. BenunynHu kopTtnsony y nawieHTis
AocnipxyBaHUX rpyn
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Ta6bnuys 4. KoedpilieHTn perpecii wjoso BUHUKHEHHS
IXC y nauiextis 3 MC 3a meTofom noricTu4Hoi perpecii

o PakTopu e |
1 (U8 X 0,9405
2 Bik, noBHUX poOKiB X, 0,1774
3 | Koptuson, Hr/mn X 0,0001
4 | NponakTuH (X), Hr/mn X, -0,0080
5 | TTI, mkMO/an X; 0,0101
6 | TI, mmons/n Xs 0,0926
7 | XC JINBL, mmonk/n X; -1,3751
8 | KA, ym.oa. X 0,6468
9 | IMT, kr/m? X, 0,0635
10 | HbAIc, % Xio 0,1836
KoHcTaHTa f3, -14,5119

nommiku MeHie 3a 0,1 % (p < 0,001). R-xkBagpat Hanesnb-
kepkeca (R Square Nadelkerkes) cranosus 0,618, To6TO
61,8 % nucnepcii moao BuHukHeHHs [XC y maitieHTiB 3
MC, 1110 MOSICHIOETHCST BKIIIOUEHUMHU Y Mojiesib 10 dakro-
pamu, Toxi K peiura 38,2 % 3ayexainu Bim mapaMeTpiB, sIKi
HE BpaXxOBYBaJIMCh Y perpeciitHoMy aHati3i. CienndivyHicTh
BUIlIeBKa3aHoI Mozeni — 77,3 %, Tounicts — 79,4 %, uyt-
nuBicTh — 81,9 %.

TakuM YMHOM, MiACTaBUBIIM Y HOPMYITY Pe3yabTaTH,
OTpHMaHi 32 METOAOM JIOTICTUYHOI perpecii, MU OTpUMaIl
3HadyeHHs C 1711 BUBHaUYE€HHS MMOBIpHOCTI po3BUTKY IXC:

C=—14,5119+0,9405x X, + 0,1774 x X, +

+0,0001 x X, — 0,0080 x X, + 0,0101 x X, +

+0,0926 x X, — 1,3751 x X, + 0,6468 x X, +
+0,0635 x X, + 0,1836 x X,,,

3)

Ha ocHoBi orpumanoro 3xHaueHHs C 3a ¢opmynoio (1)
MOKJIMBO pO3paxyBaTy iHAMBIAyaIbHUI PU3UK BUHUKHEH -
HSl YCKJIaAHEHD Y KOSKHOTO KOHKPETHOTO MallieHTa.

J1s1 Kparmmoro po3yMiHHS 3aIIpOITOHOBAHOI MOZIE/Ti HABOIU -
Mo KJtiHiyHui npukian 1. [MauienTka b., 44 poku, Mae qeKoM-
niencoBanwmii LIJ12, piBeHb KopTr3oty ctaHoBUB 243,01 Hr/M,
nponaktuHy — 11,74 ur/mn, TTT — 35,29 MkMO/m1, TT —
3,44 mmonb/n, XCJITBLLL — 1,10 mmons/n, KA — 5,47 ym.on.,
IMT — 58,8 kr/m?, HbAIc — 9,1 %. [lincraBuBIim naHi B piB-
HsIHHS (3), OTPUMYEMO:

C=—14,5119+0,9405x 2+ 0,1774 x 44 +
+0,0001 x 243,01 — 0,0080 x 11,74 + 0,0101 x 35,29 +
+0,0926 x 3,44 — 1,3751 x 1,10 + 0,6468 x 5,47 +
+0,0635 x 58,8+ 0,1836 x 9,1 =3,21.

[TincraBuBmm orpumane 3HaueHHs1 C 'y piBHsIHHS (1),
OTPUMYEMO iHAMBIAyanbHUM pusukK nosisu IXC y naHoi
Mali€eHTKM 3aJIE3KHO BiJl BCTAHOBJIEHUX (haKTOPIB:

1
M=—————x100% = 96,12 %.
T+ 27180 100% =96.12%

Takum yHOM, OTPUMAHMIA pe3YJIBTaT iHAUBIAYaTILHOTO PU-
3uKy 1ostBu [XC (M) craHoBuTb 96,12 %, 1110 TTepEeBUIITyE MEXKY
50,00 %. Otxe, y L€l MallieHTKH POrHo3yeThest mosia IXC.
3icraBneHHs 3 623010 JAHUX 3aCBITIWIIO BipHICTh TIPOTHOBY.

Kniniuanit npukian 2. [amienTtka B., 54 poku, He Mae
LI/12, piBeHb KOPTU30J1y CTAHOBUB 336,42 HT/MJ1, TPONTAKTH-
Hy — 33,4 ar/mi, TTT — 1,26 MkMO/mn, TT — 2,8 Mmonb/;
XC JITIBIIL — 1,10 mmonb/m, KA — 2,65 ym.on., IMT —
51,9 xr/m?;, HbAlc — 5,41 %. TligctaBuBIIM JaHi B piBHSH-
Hs (3), OTpUMYEMO:

C=—14,5119+0,9405 x 0+ 0,1774 x 54 + 0,0001 x
x 336,42 — 0,0080 < 33,4+ 0,0101 x 1,26 + 0,0926 x
x 2,8 —1,3751 % 1,10+ 0,6468 x 2,65 + 0,0635 x
x 51,9+ 0,1836 x 5,41 = —0,40.

IMincraBuBiimM orpuMane 3HaueHHs1 C'y piBHSHHS (1),
OTpUMYEMO iHAUBInyanbHU# pusuk nosisu IXC y gaHoi
Mali€HTKM 3aJ€KHO Bill BCTAHOBJIEHUX (haKTOPIB:

S — 100 % = 40,05 %
M= 715w 100 % = 40.05%.

Takum YMHOM, OTPUMAHUI PE3YbTaT iHAUBILYaIBHOTO
pusuky nossu IXC (M) cranosuts 40,05 %, 1110 He miepe-
Buiye Mexy 50,00 %. OTxe, y 1€l malieHTKN He MPOTHO-
3yeThbes nosiBa IXC. 3ictaBieHHs 3 023010 JaHUX 3aCBiTIu-
JIO BipHICTb IIPOTHO3Y.

O6roeopeHHs
[TinBuILIEHHST KOPTU30JTY i TPOJAKTHUHY CITOCTEPIraeThCsl
y BinmoBinpb Ha crpec i 3ananeHHs npu IXC ta LIJI, nigsu-
IEHI piBHI KOPTU30JIy MPOBOKYIOTh iIHCYJTiHOPE3UCTEHT-
HicTb [7], a 3HmzkeHHs piBHs TTT BinOyBa€eThCs y BilMOBinb
Ha CTpecC Ta BUCOKMII piBeHb KOPTU30.TY, 110 mpurHiuye TTT.
3pocTaHHs piBHS KOpTU30J1y y nauieHTiB 3 LIJ12 Ha rpyHTi
MC MmoxxHa BBaxKaTd MapKepoM JeKOMIIeHcallii 1iabeTy.
3MiHu ropMoHasbHoro criektpa rnpu MC cBiguarth po ak-
TUBALLiI0 3aXMCHUX YHKIIiN SIK BiANOBiAb HA META0OJIiUHi
3pYIIEHHS, TO/I K 3a CMHTPOIIIYHOI ITaTOJIOTi1 BimoOpaka-
IOTh TSDKKIiCTh CTaHY XBOPOTO Ta CTYITiHb JeKOMIT€HCALlil.
Mexanizmom minBumeHHs1 TTI npu MC e rinepiHcyiHe-
Misl Ta TinepJaenTUHEMIsI, TpUTaMaHHI TAKAM MalliEHTaM.
TakuMm yrHOM, ¥ poOOTi BCTAHOBJIEHO METOAUKY BU-
3HaueHHs pu3nky BUHUKHeHHs [XC y maiienTis 3 L2
Ta MC Ha OCHOBI JOCIIiI)KEHHSI aHTPOMOMETPUUHUX Ja-
HUX, BYIJIEBOJHOTO, JIiMTiTHOTO Ta TOPMOHAIBHOTO CIIeKTpA.
3anpornoHoBaHO MEPCOHiI(GIKOBAHUI MiAXia 10 BeACHHS
MaILli€HTIB 3 METa0OIIYHUM CUHAPOMOM 3 BU3HAYCHHSIM
iHmuBinyanbHOTO pU3uKy cuHTporiuHoi IXC. HaseneHo
KJIiHiYHI TPUKJIaAU BUKOPHUCTAHHS LIbOI'O METO.Y.
JocnimKeHHsI TOPMOHAJIBHOTO CTIEKTpa 3aJIy4eHi 10 BU-
3HAYEHHS iHAMBIAYAJIbHOTO PU3MKY 3 OIJISIAY Ha HOTO pery-
JIIOIOUMI BIUTMB Ha JIMITHWI Ta BYIJIEBOTHUI MeTa0O0Ii3M.
[TapamMeTpy TOPMOHAILHOTO CIEKTPaA YUHSTh PETYTIOI0UNIA
BIUIMB Ha TMOKa3HUKMU JdimigHoro Metabdomismy [8]. I1po-
JIAKTUH Ji€ Ha JIIMiJHUA OOMiH yepe3 MPUTHIYeHHS JIiMmo-
MPOTEiHIiNa3u, CUHTE3 BiIbHUX XXKUpHUX KucjaoT (B2XKK)
i peryJisiiito piBHS aqUTMIOHEKTUHY, OCKIiJIbKU PELIENITOPU
MPOJAKTUHY MiCTATbCS TAKOX i B XKMPOBiii TKaHUHi [9].
BcTranoBneHo, 110 iHCYJIiH aKTUBYE BHYTPIITHBOKIIi-
TUHHUU TpaHCHOPT JIMiIiB i CTUMYyIto€ BuBiIbHeHHS TT 3
neuinku [10]. OTpuMani gaHi DOCTiIKEHHS He cylepedyaThb
JIiTepaTypHUM, 110 PiBEHb iHCYJiHY Ma€ peryjimiouy Iito
Ha CeKpellilo KOPTUKOTPOIIiH-PUIIi3UHT-TOPMOHY, aIpeHO-
KOPTUKOTPOITHOTO TOPMOHY Ta TPOJIAKTUHY 3a MPUHLIUTIOM
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3BOPOTHOTO 3B’$I3KY, a IMosiBa aekomrteHcarii LI/12 cympoBo-
JDKYETBCSI BAPAXKEHOIO TIMEPIIIIKEMI€I0, IO € CTUMYJIITOPOM
CeKpellil MPOJaKTUHY i CIIPUYNHSIE MOTO (DYHKIIIOHAIbHI
TpaH3UTOpHi 3MiHu [11, 12]. 3 ormsiay Ha posb iHCYIIiHY Y pe-
TYJISLIL TimiaHOTO MeTa001i3My LIIISIXOM MPUTHIYeHHS CUH-
te3y XC JITTHILL, akruBariii rinonpoTeiniinasu, CTUMYJIt0-
BaHHs Karabojizmy XC JITIBILI, ranemyBaHHs rigpoizy TT
Ta Buxony BXKK y kpoB, 3HIKeHHST Yy TJIMBOCTI O HHOTO 3a
ymMoB MC npu3BOAUTH 10 BUPAKEHUX JIiITi THUX TTOPYILICHb.

HayxoBusiMu mociimkeHO HasIBHICTh KOPEISIiiTHOTO
3B’s13Ky Mixk TTT Ta mposlakTHHOM, 1110 TTOPSIT i3 KOPTU30JI0M
BUCTYNAIOTh SIK CTpec-ropMoHH [ 13]. OcKinbKY MiABUIIEHUI
piBeHb MPOJIaKTUHY Y XiHOK 3 MC cripusie Kopekllii MeTabo-
JIIYHMX TTOPYIIeHb, TO HOpMaJIbHi iioro piBHi 3a ymoB IXC Ha
rpyHTi MC He 3a0e31euyIoTh TAKMX alallTUBHUX PeaKliid, 110 i
BeZIe 10 MPOrpecyBaHHs JilTiIHUX ITOPYIIEHb SIK Y JOCTIIKYBa-
HUX TALEHTIB, TaK i 3a JAHUMU JiTepaTypHUX kepen |14, 15].

Perysiiist inigHOro MeTabo1izMy 31iiCHIOETHCS TAKOX i
KOPTH30JI0M Yepe3 Moro aito Ha hepMeHTH JIiTTiTHOTo OOMiHY.
MMinBumenns aktuBHOCTI 113-HSDI, 1m0 ctumytioe niepe-
TBOPEHHSI HEAaKTUBHOI (DOPMU KOPTHU30J1y B aKTUBHY [16],
MiIBUIIEHHS PiBHSI KOPTU30JIY MOCUIIIOE JIIIOi3, CIIPUSIE
30inpmenHio cexpenii XC JITIAHIL, TT i XC JIIMTHILL. Lle
HiATBEPIXKYETHCS JTiTepaTypHUMU JaHUMU IIPO HASIBHICTH
MO3UTUBHUX KOPEJISLiHHUX 3B’SI3KiB Mixk KopTuzojom i TT
Ta HeratuBHUX — 3 XC JITIBIIL [17]. BcTaHOBIIEHO TaKOXK,
1110 piBEHb KOPTU30JY — CTPeC-peaizytoyoro ropMoHy €
MapkepoM TsekkocTi LI/ Ta iioro yeknaaHens [18, 19].

HayxkoBusimMu BctaHOBIIEHO, 1110 Y xBopuXx 3 IXC Ha rpyHTI
MC nopy1eHHsI 9yTJMBOCTI 10 iHCY/TiHY, 0COOJIMBO 3HIKEH-
H$1 paHHBOI (Da3u ceKpellii iHCYJIiHy, BUTIEpeIKa€ Tilepriike-
Mil0 i TPOBOKY€E aTeporeHHi 3MiHu, a [P Ta rinepriikemisi €
OCHOBHMMM IPEAUKTOPaMU YCKIaIHEHOTO Iepediry rocTpo-
ro iHdapkTy miokapaa y xsopux Ha MC Ta LIJ12 [20].

BucHoBKMU

Y mauieHTiB rpynu metabosiyHoro cuHapomy 6e3 LI/
i 6e3 IXC BusiBneHo 3poctanHs piBHg XC JIIIJIHILL, TT i
KA; innekcy HOMA-IR Ta iHCcy/iHy, BeIMUUH KOPTU30JTY,
TUPEOTPOITHOTO TOPMOHY Ta MPOJAKTUHY (Y KiHOK).

3a mosgBu IXC npu MC y nauieHTiB Oyau BipoTriZHO
MiaBuILIEeHi piBHi iHCyniHy Ta iHnekcy HOMA-IR, TT, XC
JITTAHIL, 3XC, XC JIIMHII ta 3umxeni — XC JITTBILI,
HOpPMaJIbHi 3HaYEHHSI TTPOJIAKTUHY, KOPTU30JIy Ta BiIIBHOTO
TUPOKCUHY; IPOTE MiABUILYETHCS 11010 pehepeHTHUX 3HA-
YeHb PiBeHb TUPEOTPOITHOTO TOPMOHY.

HasiBnictb LI/12 Ha rpyHTi MC, He3aJiexkHO Bifl CTYIeHS
KOMIIeHCAllil, Yy HalLliEHTIB CyIIPOBOIKYBajlach 30iIbIIeH-
Hsim ymicty 3XC, TT ta JITIAHII. dekommnencanis Ly
nauieHTiB 3 MC cynpoBomIKXyBaach IiABUILEHHSIM 3HaUYe€Hb
koptusony i piBHsimu TTT y Mexkax pedpepeHTHUX 3HAYEHb,
Ha BinMiHy Big komneHcalii LI, mpu 1iboMy BeIUYUHU
MPOJIAKTUHY Y XiHOK He 3aJieXKalTy BiJl KOMIIEHcallii x1iabeTy.

IcToTHO BHpaXkeHilMMK 3MiHAMMU JIiTiTHOTO METa0oIi3My
nposBsUIachk aekomireHcamis L1 y mamienTis 3 IXC ta MC:
putimu pisasimu 3XC, TT, XC JITTHII, XC JITIIHIL Ha
TJIi MiABUILEHOTO PiBHS KOPTHU30JIy Ta MPOJaKTUHY (Y XKiHOK)
i HopmanbHux 3HaueHb TTT, BT, Ta iHCY/1iHY (Ha BiIMiHY Bil
komrieHcoBaHoro 1I1). Bemmaunu XC JITIBII He 3anexxanu
Bill CTYTEHsI KOMIIeHcallii giabeTy i Oy 0lTHaKOBO 3HKEHUMU.

Po3paxoBaHo MeTOAMKY BU3HAYEHHSI iHAMBITyaTbHOTO
PUM3UKY BUHUKHEHHSI YCKJIAJHEHb Y KOXKHOTO KOHKpET-
HOTO Talli€eHTa 3 BUKOPUCTAHHSIM MOKA3HUKIB JiIliIHOTO,
BYIJIEBOJTHOTO Ta TOPMOHAJIBLHOTO CIleKTpa. BusiBieHo, 1o
npoyiakTuH (y xkiHok) Ta XC JITIBII Manu npeBeHTUBHY
nito mono BuHukHeHHs [XC, a LI/, Bik, koptuzon, TTT, TT,
KA, IMT, HbAlc Manu mpoBOKytoUy Ait0 — MpHU iX 30ij1b-
meHHi 3poctaB i pusuk IXC y namienris 3 MC.

KondaikT inTepeciB. ABTOpH 3asBISIIOTH IIPO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta Bi1acHOI (piHaHCOBOI 3alliKaBIeHO-
CTi IIpM MiATrOTOBIIi JAHOI CTATTi.
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BaHO. KoHKYypeHTHi iHTepecu: diHaHCyIoUi opraHizallii He
BimirpaBaym >KOQHOI POJIi P HAMMCaHHI CTaTTi abo B pi-
LIEHHI MOJATH 3BiT 15 myOuikaii. JlocmiaKeHHs € 4acTu-
HOIO HayKOBO-IOCiAHOI poO0TU Kadeapu MporeaeBTUKI
BHYTpiltHboi MeauuuHu JIHMY imeni lanuna lanuiiskoro
«Oc00aMBOCTI KJIiHIYHOTO Tepediry XpoHiuHOI MaToaI0ril
3 BpaxyBaHHSIM KoMop0OimHocTi». YIK: 616.1+616.3)—
056.52—039.51. Iludp: 1H.25.01.0002.016.
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K.J. Abrahamovych, O.Z. Didenko, M.Y. Fedechko, N.V. Drobinska

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

The risk of coronary artery disease in patients with type 2 diabetes mellitus
and metabolic syndrome

Abstract. Background. The relevance of this work is due to the
growing need for a personalized approach to the management of pa-
tients with coronary artery disease (CAD) and type 2 diabetes mel-
litus (T2DM) that arose on the background of metabolic syndrome
(MS) and determining the individual risk for each patient. The pur-
pose of the study was to find out the methodology for determining
the individual risk of complications in each patient with metabolic
syndrome using lipid, carbohydrate and hormonal parameters. Ma-
terials and methods. A study of 319 patients with MS was conducted.
Six clinical groups were formed. The first group included 82 patients
with MS, the second — 39 patients with T2DM (compensation
state) in the background of MS, the third — 35 patients with T2DM
(decompensation state) in the background of MS, the fourth — 44
patients with CAD in the background of MS, the fifth — 44 patients
with CAD and T2DM (compensation state) in the background
of MS, the sixth group — 75 patients with CAD and T2DM (de-
compensation state) in the background of MS. The control group
consisted of 40 healthy individuals. Women accounted for 69.9 % of
all patients and men for 30.1 %. The methodology for determining
the individual risk of CAD in each patient with MS (with/without
T2DM) was calculated using the above indicators with a further
construction of a prognostic probability model. Results. Patients
with T2DM had pronounced changes in carbohydrate metabolism
in the presence of decompensation. Changes in lipid metabolism
among all groups in CAD and T2DM (state of decompensation)
with MS turned out to be non-specific. Interrelated changes in
thyroid-stimulating hormone, cortisol, prolactin, and insulin were
revealed in patients depending on the form and severity of syntropic

pathology. Given the above parameters, a model for determining the
personalized risk of CAD for each patient with MS (with/without
diabetes) was calculated. Fifteen factors were selected, which, ac-
cording to our own observations, could influence the development
of CAD in patients with MS. At the same time, 10 factors were
identified that had a reliable influence on the development of CAD.
The preventive nature of high-density lipoprotein cholesterol and
prolactin (in women) effect on the occurrence of CAD and the pro-
voking influence of diabetes, age, triglyceride, thyroid-stimulating
hormone, cortisol levels, body mass index, and glycated hemoglobin
were revealed. Their regression coefficients were determined, the
reliability was checked using the Wald method, and the whole model
was checked using the chi-square, the accuracy of the model was
79.4 %, the specificity was 77.3 %, and the sensitivity was 81.9 %.
Conclusions. Patients with MS had an increase in the level of insulin
and HOMA-IR, a shift in the lipid spectrum; an increase in the level
of prolactin in women, thyroid-stimulating hormone and cortisol
against the background of normal values of free thyroxine. Decom-
pensation of T2DM was accompanied by an increase in cortisol at
normal levels of thyroid-stimulating hormone, in contrast to the
state of T2DM compensation, prolactin in women was significantly
increased, regardless of compensation. A method for calculating the
individual risk of coronary artery disease in a patient with metabolic
syndrome using anthropometric indicators, carbohydrate and lipid
spectrum, cortisol, prolactin and thyroid-stimulating hormone is
proposed.

Keywords: metabolic syndrome; type 2 diabetes; coronary artery
disease, prediction; risk factors
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Kosanbyyk A.B.", BiHn4 O.B.", KywuHapeosa H.M.", Kosanbyyk B.M.?,

lMpunéunra O.B.", LLnwkaHe-LUniosa K.O.'

T AY «(IHCTUTYT @HAOKPUHOAOTIT TQ OBMIHY pedoBuH iMeHi B.[1. KomicapeHka HAMH YikpaiHu», m. Kuis, YkpaiHa
2 HQLIOHQABHN YHIBEPCUTET OXOPOHU 3A0POB ST YKPpQiHM imeHi M., LLyrivka, m. Kuis, YkpQiHa

IHAMKOTOpP OCTeoreHesy —
MOTEHUIMHMIN MApPKep PU3UKY
cepueBoO-CYAUHHUX 30XBOPIOBAHb Y XBOPUX
HO LyKpoBumn aiadert 2-ro tmny

Pestome. AKkTyanbHicTb. 3p0CTaHHs N1eTanbHOCTI BHACIAOK CEPLIeBO-CYyANHHMNX 3aXBOPIOBaHb y MALJiEHTIB i3
LykpoBuM giabetom (L4f]) 06ymoBntoe HEOOXIAHICTb MOLLYKY €(OeKTUBHUX CTpaTerivi npoginaKTUKu U JiKyBaHHS.
Sk ogHy 3 MOTEHUINIHUX TepaneBTUYHUX MILLEHeV BrMBY PO3ITIAalTb OCTEOKASIbUMH, KU € JOBEAEHUM Map-
KepoMm KIiCTKOBOro 06MiHy, LLO Bigirpae Kio4oBYy posib y naToreHesi XxBopob cepLeBo-cyanHHoI cuctemu. Meta
AOCHAXEHHSI: BCTaHOBUTU MOXJ/TNBI B3BAEMO3B I3KMN MK BMICTOM OCTEOKasTbLMHY | TSIKKMMU CepLieBO-CYANHHUMM
3axsoptoBaHHamu (CC3) y xBopux Ha LykpoBuii giabet 2-ro tury. Matepianu ta metoau. O6¢cTexeHo 63 navyieHTn
i3 LY 2-ro tuny: 40 (63,49 %) qonosikis i 23 (36,51 %) xiHKkn, cepenHivi Bik — 58,11 = 1,25 poky. Ycim BuaHa4amm
MOKa3HWKM OCTEOKaSIbLMHY KPOBI, T1IKOBAHOIro reMorsiobiHy, po3paxoByBanv iHgekc macu Tina. Cepes 06CTexXeHux
cgpopmoaHo asi rpyrm: rpyna 1 (n = 30) — 3 JoKyMeHToBaHUMu B aHamHesi CC3, rpyna 2 (n = 33) — 6e3 3a3Ha-
YeHUX CTaHIB y MUHYIIOMY. Y rnogasnbLLIOMy 3a71eXHO Bif BESIMYUNHN OCTEOKasIbLMHY nayieHTiB rpynv 2 4oaaTkoBo
posrioginun Ha nigrpynm 2.1 i 2.2 3 METOK BUSHa4YeHHS BipOorigHOCTI PISHULI MK HUMU B rapameTpax exokapgiorpa-
¢bivHOro fgocnifXxeHHs, sike 6710 BUKOHaHO BCIiM navieHTam rpynv 2. CTaTucTu4Hy o6pobKy pe3ynbTartiB rnpoBogun
3a gornomoroto nporpamu IBM SPSS Statistics 20 (IBM Corp., CLLIA). BigmiHHICTb iHTepripeTyBanm siK BiporigHy rpm
p < 0,05. Pesynbrarun. Y nauienHtis rpynn 1 3 fJOKyMeHToBaHuMU B aHamHe3i CC3 (roctpuii iHghapKT miokapaa,
rocTpe nopyLLUEeHHs MO3KOBOIO KPOBOOOIry, CTEHTYBaHHS1 KOPOHapHWX abo nepughepuydHux aptepivi Ha mni L 2-ro
TUy) crioctepiranu HK4i 3Ha4E€HHS OCTEOKATTbLMHY CUPOBATKM KPOBI MOPIBHSIHO 3 MOKa3HUKaMM XBOpUX rpynm 2 6e3
3asHaveHunx ycknagHeHs (1,0 [1,0-2,2] npotu 2,4 [1,0-3,5], p = 0,016). 3a napameTpamm exokapgiorpaii BcTaHoB-
JIEHO, Lo cepen nauyieHTiB 6e3 kniHiYHx o3Hak CC3 HU3bKi 3Ha4eHHS1 OCTEOKaslbLMHy CUPOBATKU KPOBI acouivioBaHi
3 BUHUKHEHHSIM [iaCcTOMiYHOI QUCOYHKLI 3a TMIMOM CrioBifIbHEHOI penakcayii, rinepTpogieto iBoro LulyHo4YKa T1a
arepoCKIIePOTUYHUM YPaXKEHHSIM CTIHOK aopTu, LLJO HE CriocTepirann y Xxeopux Ha L[] 2-ro vy 3 BULMMYN 3HAYEH-
Hsamu mapkepa (1,0 [1,0-2,3] Hi/mn npotu 3,6 [3,2—4,4] H/mn, p < 0,001). BUcHOBKW. B3aemMo3B’230Kk MiXX BMICTOM
octeokanbymHy i CC3 y navjieHTis i3 L[] 2-ro tuny cBigYmTb rpo BUCOKMU MOTEHLian BUKOPUCTaHHS OCTEOKAsIbLMHY
CUPOBATKM KPOBI, & came HU3bKUX MOro 3Ha4eHb, Ik MapKepa TSXXKUX KapLAioBacKyISPHUX CTaHIB y ManibyTHLOMY.
Knroy4oBi cnoBa: yykposuii fiabet; 0cTeoKasbLmH, OCTEOreHe3; CepLieBO-CyANHHI 3aXBOPIOBaHHS

Bctyn

CepliieBo-cynuHHi 3axBoptoBaHHs (CC3) i ix yckian-
HEHHS 3aJIMIIAI0ThCSI IPUUYMHOI0 CMEPTi XBOPUX Ha I1y-
kposuii niadet (L) [1]. [TpoTsirom ocTtaHHIX pOKiB Bif-
3HAYa€ETHCSI CTPIMKE 3pOCTaHHS MOKa3HMKA JIeTaaIbHOCTI
BHachigok CC3 Ta ix yckianHeHb y nauieHTis i3 L1, 30-

KpeMa, 3a¢iKCoBaHO 30LIbIICHHS 3a3HaYeHOT0 ITOKa3HUKA
BIBiui mopiBHsHO 3 nanuMu 2000 poky [2]. [TommpeHicTb
XBOpPOO CeplLIeBO-CYIMHHOI CUCTEMU i IIBUAKICTh iX IIPO-
rpecyBaHHs1 y xBopux Ha LIJI cyTTeBO BUIIi MTOPIiBHSHO 3
NaHUMU Talli€HTIB, SIKi HE CTPaXKAaloTh Bill yKazaHUX Me-
TaboJIiYHMX CTaHiB [3].
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3oKpeMa, pe3yIbTaTh YMCIeHHUX TOCTiIKEeHb iaTBep-
JIKYIOTh TTaTOreHeTUUHMI 3B’s130K Mix LIJI i aTepockiepo-
30M, Y TOMY YMCJTTi Y XBOPUX 3 YCKJIAIHEHHSIMU 3aXBOPIOBaH-
HSI, 30KpeMa, 3MiHaMH 1iepeOpasibHOI Ta ceplieBoi nepdyaii,
HUPKOBOIO HEAOCTATHICTIO, AiaOeTUUYHOIO CTOIOIO TOIIO
[4]. Onnak npoGiema paHHbOI imeHTUdIKAaLlil MallieHTIB 3
BUCOKUM pu3uKoM po3BuTKy CC3 Ta iX ycKJIagHEeHb Ha TJIi
1IJI € HemoCTaTHBHO BUCBITIICHOIO [5].

AKTyaJIbHUM HanpsiIMKOM HayKOBUX JOCJIIKEHb € BU-
BUYEHHS NaTO(i3i0JI0TiYHOI OCi «KiCTKAa — CYAMHM», 11 POJIi Y
dopmyBanHi it mporpecyBanHi CC3 i ix yckinagHeHsb [6, 7].
He MmeH111 BaxkIMBUM € aHaJIi3 MPOLECiB, 1110 BUHUKAIOTh MO
OCi «KiCTKa — CyIMHU — MeTa0O0iuHi MOPYIIEHHS», TIPOTEe
€NVHMI TIOMISI Ha TTPOo0IeMy BilCYTHiA.

CninbHiI MeXaHi3MHM PO3BUTKY KiCTKOBOI TKAHWHU i
aprepiasibHOI Kajblndikallii miaTBepakeHo pe3yJibTaTa-
MU OaraTbox fociimkeHs [8, 9]. Kanbuudikauis cynun €
HecneundiyHUM MapKepoM aTepocKiiepo3y il OCHOBHUM
MPEAUKTOPOM PO3BUTKY TSKKOIO Mepediry 3aXBoproBaHb
CepleBO-CyIMHHOI CUCTEMH SIK y mauieHTiB i3 LI/, Tak iy
XBOpUX 0e3 MeTaboiyHux nopyiueHs [10, 11].

JloBemeHUM MapKepoM KiCTKOBOTO OOMiHY, SIKUI Bi-
Jirpae KJIIo4oBy poJib y matoreHesi CC3, 30kpema apre-
pianbHOI Kanbludikallii aTepoCKIEPOTUYHOIO TeHe3y, €
octeokaiabluH [12, 13]. BinnmoBinHo 10 cydyacHMX ITOIJISI-
IIiB OCTEOKaJbLIMH Ma€ KapAiompOTEeKTOPHUI MOTeHIIial,
a HasIBHICTH IMABUINEHUX 3HAYeHb MapKepa acollilfioBaHa
3 IPEBEHTUBHUM edekToM 1ono po3Butky CC3 [14, 15].
HaroMicTb HU3bKUII piBEHb LIMPKYJTIOI0UOTO OCTEOKATBIIMHY
MOB’SI3YI0Th 3 BUCOKMM PU3UKOM PO3BUTKY apTepiaabHOT
KanblMdikallii, aTepoCKIepO3y COHHOI apTepii, 301IbIIEHHS
TOBIIMHY KOMITJIEKCY iHTUMAa-MeJlia COHHOI apTepii Ta mpo-
rpecyBanHs CC3, 110 MiATBEpIKEHO B HU3LII mpab [16, 17].

OKpiM TOro, OCTEOKAJIBIINH Bimirpa€ BaXJIMBY pOJIb Y
MeTaboJIi3Mi MJIIOKO3M M PeryJIsiiiil IiKOJiMiIHOro OOMiHY
[18, 19]. ¥ mauienris i3 LIJ] 2-ro TuIy ocTeoKanblUWH ieH-
TU(hIKOBaHUI SIK He3aIeXXHU I (pakTop pru3uKy (DOpMyBaHHS
KkapoTtunHoro arepockiiepody i CC3 3aranom [20].

OTxe, po3podKa epeKTUBHMUX CTpaTeriil mpodimak-
tiku i nikyBaHHs CC3 y nauieHriB i3 LIJ] € akTyaabHUM
HampsIMKOM CyJacHOI1 MeIWIIMHU. BapTo Bim3HauuTH, 110
LIMPOKE BIPOBAIKEHHS MPUHIMITIB MoaupiKallii ciocody
JKATTS TAILEHTIB, 3HUKEHHS BILUTUBY 3araJlbHOBU3HAHMX
akTOopiB KapaiOBACKYJISIPHOTO PU3UKY, KOHTPOJIb PiBHSI JIi-
MiiB, TJIIOKO3M KPOBi HEe JO3BOJISIIOTH CYTTEBO 3HU3UTH 3a-
XBOPIOBAHICTh i CMEPTHICTh BHACIIIOK CEPLIEBO-CYIMHHUX
XBOpo0 i iX ycKIaaHeHb y naiieHTiB i3 LIJI. OTxe, npobiaema
TTOIIYKY TONATKOBUX MTATOT€HETUIHNX MEXaHi3MiB PO3BUT-
ky CC3 i ix yckinanmHeHb Ha Thi LII, a TaKoX MOTEHLIIITHUX
TepareBTUYHMX MillleHel BITMBY € aKTyaJIbHUM 3aBIaHHIM
Cy4acHOI MEAUIIMHMU, 1110 MOTPeOye MOJANbIIOr0 BUBYCHHSI.

Merta po0OOTH T0JISITAE Y BCTAHOBJICHHI MOXJIMBUX
B3a€EMO3B’SI3KiB MixK BMiCTOM OCTEOKaJbIIMHY i CEpPIIEBO-CY-
TUHHUMU YCKJIAJHEHHSIMU B Pi3HUX (PEHOTUIOBUX Ipynax
MAali€HTIB, XBOPUX Ha LIYKPOBUI1 IiabeT 2-T0O TUILY.

MaTepiaAn Ta MeToAmn

O6c¢TexeHo 63 nmanienT i3 L1/ 2-ro Tumy, sIKi criocTepi-
rajuch y BilliJIeHHI BiKOBOI €HJIOKPUHOJIOTI Ta KJIiHiYHO1
dapmaxkosorii Y «lHCTUTYT eHTOKPUHOJIOTII Ta 0OMiHYy

peuoBuH iMm. B.I1. Komicapenka HAMH Ykpainm». Jlo rpy-
u BKodeHo 40 (63,49 %) vonosikiB i 23 (36,51%) xiHKu.
CepenHiii Bik o0cTexxeHux ctaHoBuB 58,11 & 1,25 poky (Bix
46 10 67 POKiB).

PiBeHb ocTeoKkasblIHY KPOBi BU3HAYAIU METOAOM X€-
MLJTIOMiHECIIEHTHOTO iMyHOJIOTIYHOTO aHaJli3y 3 BUKOPUC-
TaHHSIM MapaMarHiTHUX 4acTOK 3a JOMOMOTIol0 iMyHOaHa-
nmizatopa Immulite (Siemens, Himeyunna) (pedepeHTHI
nokasHuku 2,0—22,0 ur/mi). Ctyninb komneHcaitii LIJ]
BCTAaHOBJIIOBAJIU 32 MOKAa3HUKAMMU TJTiIKOBAHOTO FeMOTJI00iHY
(HbAlc). ®eHOTUTIOBI BiIMIHHOCTI XBOPUX OLIiHIOBAJIN 32
IMOKa3HUKOM iHaekcy Macu Tija (IMT, kr/m?), sikuii Bupa-
XOBYBaJIM 3a 3arajibHOBioMo10 hopmysow: IMT = maca
Tina (Kr)/3picT (M), MiZHECEHUI y KBaapaT.

V 33 mauieHTiB mpoBoaWIn exokapaiorpadiuHe J0Ci-
JDKEHHST JUTST OL[IHKM 1aCTOJiYHO1 (DYHKIIIT JTiBOTO IUTYy-
HOYKA 32 BiJHOLIEHHSIM MaKCHUMaJIbHOI IIBUAKOCTI (M/C)
paHHBOTO AiacTojiiuHoro HamoBHeHHs (E) mo mizHbo-
ro giactosiuyHoro HanmoBHeHHs (A) — E/A, XxopcTkocti
ctiHku jiBoro urtyHouka (DT); cucroniuHoi dyHKIIii 3a
dpaxkuiero Bukumy (OB, %); 03HaK peMOaeTIOBaHHS CTi-
HOK JTiBOTO IIJTYHOYKA 3a BEJTMIMHAMU MOTO MacH, iHIEKCY
M’SI30BO1 MacH JIiBOTO IIJTYHOUYKA, TOBIIMHU MiXIILTYHOY-
koBoi nieperopoaku (MIIII, mM) i 3anHBOI CTIHKM JIiBOro
utyHouka cepus (3CJILL, MM), 03HaK KOHIIEHTPUYHOI U1
€KCUEHTPUYHOI rinepTpodii JIiBOro MIJIyHOYKA; MPOSIBiB
aTepOCKJIEPOTUYHOTO ypaXkeHHST a0PTH, AOPTAJIbHOTO, MiT-
PaJIbHOTO KJIaIaHiB.

O0CTeXXeHUX MaLEHTIB 0yJ10 PO3IIOAiIEHO Ha IBi TPYIIN:
rpymna 1 (n = 30) 3 TOKyMeHTOBaHUMM B aHAMHE3i TSDKKUMU
CC3, takumu 5K iHGpapKT MioKapaa, TOCTpe MOPYILIeHHS
MO3KOBOT'O KPOBOOOITY illIeMiYHOTO XapaKTepy abo CTeHTY-
BaHHSI KOpOHapHUX abo nepudepuyHux aprepiii Ha T1i LT,
2-TO THILY, 1110 MiATBEPIKYIOTh aTePOCKICPOTUIHE YpaskeH-
H apTepiii, i rpyna 2 (n = 33) — 0e3 3a3HaUeHUX CTaHIB y
MUHYJIOMY. 3BaXKar4y Ha BipOTiIHY Pi3HUIIIO B 3HAUCHHSIX
OCTEOKAJIbIIMHY MK BKa3aHUMU IpynaMu, Malli€eHTiB rpynu
2 posmnofisieHo Ha miarpynu 2.1 i 2.2 3a1exXHo Bif BeIUUNHUI
OCTEOKaJIbIIMHY SIK OCHOBHOTO JIOCJTI/IXKYBaHOTO TTOKa3HUKA
B HaMaraHHi BU3HAYMTHU BipOTiAHICTb Pi3HULI MiXK HUMU B
ImapamMeTpax exokapaiorpadidyHOTo TOCIiIKEHHSI.

JocninkeHHs BUKOHAHO 3 JOTPUMAaHHSIM OCHOBHUX
MoJ0XeHb « ETMYHMX MPUHLIKIIIB TPOBENEHHS HayKOBUX
MEAVYHUX TOCIiIKEHb 3a YYACTIO JIOAUHU», 3aTBEPIKEHUX
TeabcincpKkoro nekiapatieto (1964—2013 pp.), ICH GCP
(1996 p.), HakaziB MO3 Ykpainu Ne 690 Bim 23.09.2009,
Ne 944 Bim 14.12.2009, Ne 616 Bin 03.08.2012. IMamientu
Opajy yJacTh y IIPOBEASHOMY OOCIIiIXKEeHHI ITOBHICTIO 3a
BJIACHUM OaXXaHHSIM, 110 MiATBEPAXKYETbCS 0COOUCTUM
IMiAncaHHAIM BinnoBinHoi iHhopMoBaHoi 3rogu. KoxeHn
Mali€eHT 0coOMCTO OYB MOiH(GOPMOBaHMI 1100 000B’SI3KiB
i IpaB i MOKJIMBOCTI 3aBEPIIUTHU TOCTiIKEHHS B OYIb-SIKMI
MOMEHT 0T0 TTPOBeAeHHS 0e3 Oy/Ib-sIKUX HACIIIKIB i TosiC-
HEHHS TPUYUH CBOIX JIiif.

CraTUCTUYHY 00pOOKY pe3yJIbTaTiB IIPOBOAIIN 3a T0-
rnmomoroto nporpamHoro 3acody IBM SPSS Statistics 20
(IBM Corp., CIIIA). HopManbHicTh po3noainy muppoBux
naHux nepeBipsiu 3a TectoMm lanipo — VYinka. st mo-
PiBHSIHHS a0COJIIOTHUX BEJIMYMH Y JOCTIIKYBaHUX IpyIax
3 HEHOPMAaJIbHUM PO3TIOIiIOM BUKOPUCTOBYBAIU Hemapa-
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skl

meTpuuHnii T-kputepiii BintkokcoHa, 3HaYeHHS ITogaBaIl
Yy BUTJISII MeliaHW [HVKHIM — BepxHill KBapTUib|. Y rpy-
Mnax Mali€HTiB 3 HOpMaJIbHUM PO3IIOIiJIOM 3aCTOCOBYBaJIU
t-xputepiit CThloJicHTa, TOKa3HUKM nojaBaiu sk M £ SD.
V Bcix BUnaakax BiIMiHHOCTI iHTepIIpeTyBaju SIK BipOriaHi
npu p < 0,05.

PesyAbTaTU

Hawmu 3ailicHeHa cripo6a MopiBHATU MOKa3HUKH OCTEO0-
KaJIbLIMHY MALIEHTIB 3 TSOKKUMU CepLeBO-CYTUHHUMU T10-
MiSIMU B aHaMHe3i Ta XBOpUX 0e3 00TSKEHOTO Kap/1ialbHOTO
aHaMmHe3y (Taou. 1).

Ta6nnysi 1. BmicT ocTeokanbyuHy B KpOBi naLieHTiB
3 JOKYMEHTOBaHUMMU TSXKKUMU CepLEeBO-CYAUHHUMU
3axBOPIOBaHHAMM | 63 HUX (MegiaHa [HUXHIK —
BepXHivi KBapTuJb])

MadieHTn OcTeoKanbuuH, Hr/Mmn
lpyna 1 (n = 30) 1,0 [1,0-2,2]
Mpyna 2 (n = 33) 2,4 [1,0-3,5]"

lpumitka: * — BiporigHicTb Pi3HULi NOKa3HUKIB MiX
nauyieHtamu rpyn 1i2 (p = 0,016).

OTpuMaHi MoKa3HUKHW TIEMOHCTPYIOTh BipOTiIHY Pi3HU-
1110 Y BMiCTi OCT€OKaJIbLIMHY B KPOBi MiXX I'PYITIOIO MAIliEHTIB,
SKi MaJlu B aHaMHe3i JokymeHToBaHi TsxKi CC3, gKk-0T
rocTpuii iHbapkT Miokap/a, rocTpe MOpyIIeHHS MO3KOBOTO
KPOBOOOITy iIllIeMiYHOTO TeHe3y i CTeHTyBaHHsI KOPOHAPHUX
abo nepudepnuHux aprepiii Ha T1i LIJ1 2-ro Tury, 1o mia-
TBEPIKYE aTePOCKIEPOTUYHI YpaxkeHHs apTepili, i XBOpHU-
MM, SIKi HE MaJIM BKa3aHUX YCKJIaJHEHb.

ToOTo HU3bKUIT PiBEHb OCTEOKABLIMHY, Y 0araTboX BU-
nagKax MEHIIWN Bif, HU3KHBOI MeXKi HOPMH, CYIIPOBOIKYE
Tskki CC3 y xBopux Ha LI 2-ro Tumny. Ciin 3a3Ha4YUTH,
o cepen 30 mauieHTiB rpynu 1y 22 (73,33 %) noka3sHUKU
OCTEOKaJIbLIMHY KPOBi BUBHAYAINUCh HUXYE BiJ HUXKHbOIL
Mexi HopMmu. Ha Haliry 1ymMKy, HU3bKi 3HaU€HHSI OCTEOKallb-
LIMHY KPOBi, 30KpeMa, MEeHIIIi BiJl HUXHbOT MeXi HOpMH, SIK
y OiJBIIOCTI MaLli€EHTIB rpynu 1, MOXYTh OYTU MapKepoM
3HAYHUX CEPLEBO-CYIMHHMX ITOAilA. AIXe BiTOMO, 110 CH-
POBaTKOBUI OCTEOKAJIBLIMH € PETYJISITOPOM €HEPTETUYHOTO
i TIKOMIMiAHOTO MeTabO0Ii3MYy, ITOPYIIEHHS SIKOTO € Baro-
MUM YMHHUKOM (popmyBaHHsI CC3. MexaHi3MU pO3BUTKY
3aXBOPIOBAaHb CEPLIEBO-CYIMHHOI CUCTeMU TTOAIOHI 10 Mpo-
1eciB ¢izionoriuHoro hopMyBaHHs KiCTKOBOI TKAHWHU i
MiHepauizauii ckesneta. [1arodizionoriuHe oOrpyHTYBaHHS
3B’s13Ky MOPYIIeHb KicTKoBoTro ooMiny i CC3 moisirae B
MoO0ii3allii eHaoTenianbHUX KIiTuH-TtonepeaHuKiB (EPC)
3 KiCTKOBOT0 MO3KY i (hopmyBaHHi Komriekcy EPC-OCN.

Yka3zaHi 3MiHU acoIIiii0BaHi 3 ITOJAIBIINM PO3BUTKOM ITa-
TOMOPMOJIOTIYHUX 3MiH CepLIEBO-CYIMHHOI CUCTEMMU, TAKUX
SIK aTepOCKJIEPOTUYHA IeTeHepallis aOpTaJIbHOTO KJIalraHa,
KOPOHApHUI aTepOCKIIepO3, TSKKUI KaTbLIMHO3HUM cTe-
HO3 aopTu |21, 22].

OCKIJIBKM MU OTpUMAJIM TEePEKOHJIUBI TOKa3u n0-
TMUYHOCTI ocTeoKanbLMHY 10 Tsokkux CC3, mocrano nu-
TaHHSI BCTAHOBJICHHS 1OT0 KOHIICHTpAllil B MAIli€HTIB i3
LIJI 2-To Tury, SIKi 111e He MalOTh OOTSIKEHOTO KapaialbHOTO
aHaMHe3y. Y HamMaraHHi Ji3HaTUCh, IKMI caMe BMIiCT OCTe-
OKaJIbIIMHY KPOBI MOX€e OYyTH MPEeAUKTOPOM BUHUKHEHHS
Tskkx CC3 y MaliOyTHbOMY, MU BU3HAYMJIU OTO piBEHb
y miarpynax 2.1 i 2.2 i mopiBHSIM 11i 3HAYEHHS 3 JTaHUMU
MPOBEJEHOIO B LIMX XK€ XBOPUX exoKapaiorpadiyHoOro ao-
climkeHHs (Tab. 2).

OTpuMaHi pe3yibraTi JIeMOHCTPYIOTh BUCOKOBIpOTiIHY
PI3HUIIIO MapaMeTpiB exokapaiorpadii MixX maieHTaMu rpy-
1 2.1 3 HU3bKKM PiBHEM OCTEOKAJIbIIMHY, 30KpeMa MEHIIIM
Bil HUXKHBO1 MeXXi HOPMM B YaCTMHU XBOPUX, i rpynu 2.2
i3 CYTTEBO BUINMMM 3HAYEHHSIMU OCTEOKAJbIIMHY. Tak,
BiTHOILIIEHHSI MaKCUMaJIbHOI IIBUAKOCTi (M/C) paHHbOTO
NiaCTOJIIYHOTO HAMIOBHEHHS JI0 Ti3HBOTO /1iaCTOIIYHOTO Ha-
noBHeHHs (E/A) y nanieHTiB rpymnu 2.1 3 HU3bKUM BMiCTOM
OCTEOKAJIbIIMHY BUSBUIOCH 3HAYHO HUKUMM 3a aHAJIOTiu-
HMI1 TOKa3HUK y rpytii 2.2. Lle Moxe OyTu cBimueHHSIM HasiB-
HOI 1iacTOIiYHOI AMCGYHKIIIT B MALli€EHTIB 111€ 10 MOSIBU KJTi-
HIYHUX IIPOSIBIB CePIlIeBO-CYAMHHUX MopyiIeHb. Kpim Toro,
TeH/IeH11is 10 MinBuileHHs 3HadeHb DT y xBopux rpymnu 2.1
BKa3ye Ha IMOCUJIEHY XOPCTKICTb CTIHKH JIiBOTO IIJTYHOUKa.

3BepTae Ha cede yBary HasIBHICTh O3HAK PeMOIETIOBAH-
H$I CTiHOK JIiBOTO IIUTYHOYKA, 1110 BiA3HAYAIOThCS Y XBOPUX
rpynu 2.1 BiporiTiHUM 301IbIIEHHSIM TOBIIMHU MiXIIUTY-
HOYKOBOI ITeperopoaKu i 3aIHbOI CTIHKHU JIiBOTO LILTYHOYKA
BHACJIiIOK TeMOAMHAMIYHUX MepeBaHTaXEHb i ypaXkeHHs
aTepocKIepoTUUHOro renesy. Ciij 3ayBaxkuTH, 110 cepesl na-
mieHTiB Tpynu 2.1y 9 (47 %) cnioctepiragacsi KOHIEHTPUY -
Ha rineptpodist JiBoro nutyHouyka it y 3 (16 %) xBopux —
eKCILIeHTpUYHa rirneptpodist ocraHHboro. Pazom 3 tum B 11
(58 %) manieHTIB 1€l X TPYMK CIoCcTepiragach AiacToiuHa
IUCOYHKILST 32 TUIIOM CHOBiIbHEHOI pefakcallii. [Iporte no
PO3BUTKY KJIiHIYHOTO TOIIKOMKEHHS CeplIeBO-CYTUHHOT
CUCTEMH B MAIiEHTIB 000X IPyN CUCTOJIiUHA (DYHKILisI TiBOrO
LIJTYHOUYKA He MMOPYIIIyBajlach i He BiIpi3HsUIaCh MiX rpyrma-
MU. BennumHu Macu J1iBoro 1IIyHOUKa i iHIEKCY M’ SI30BO1
MacH JIiBOro IIJTyHOYKa He OLiHIOBAINCh, OCKiIbKY BOHU
MAaIOTh PiI3HULIIO 3AJIEXKHO Bifl CTaTi, L0 HE 103BOJISLIO PO3-
TIJTATH TPYIIU 34 Ii€I0 03HAKOIO Ha OMHOPIIHI.

OKpiM KiTbKiCHMX ITapaMeTpiB exokapmiorpadii, 3a-
(bikcoBaHi 03HaAKM aTEPOCKIEPOTUIHOTO YPaskeHHS CTIHOK
a0PTH, SIKi 3 OLIBIIOI0 YACTOTOIO CIIOCTEPIraancCh cepe ma-

Tabnuys 2. lNapameTpu exokapgiorpadii 3anexHo Bif piBHA OCTeOKaslbLUHY KPOBi B NaLi€HTIB 3 LlyKpOBUM
AiabeTom 2-ro Tuny 6e3 TSXKKNX cepLieBO-CYANHHNX 3aXBOPIOBaHb (MegiaHa [HUXHIVi — BepXHiii KBapTuJib])

Miarpynu °°Teﬁ|'_‘/?w’]1"“"'“’ E/A DT ®B, % MLLTT, MM 3CILU, Mm
21(n=19) | 1,0[1,0-2,3] |0,66[0,63-0,69] | 163 [150-180] | 59 [51,5-66] | 14 [12-15] 11 [11-11]
22(n=14) | 3,6[32-4,4] |0,82[0,76-0,88] | 150 [150-150] | 62 [58-65] 12 [11-14] 10 [9-10]
p <0,001* 0,003* 0,05* 0,518 0,02* 0,013

lpumitka: * — BiporigHicTb pi3HULi Noka3HUKIB Mix nayieHTamu nigrpyn 2.1 i 2.2.
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Ta6nmys 3. CraH KomneHcaduii LyKpoBoro giabety Ta iHgeKc macwy Tina 3anexHo Big piBHA
ocTeoKasnbynHy B cupoBaTtLi KpoBi

Miarpynm OCTesIr(I:nnnbLlMH, CnikoBaHumn o/:emorno6iH, II(I:I};\I"I,2
21 (n=19) 1,0 [1,0-2,3] 9,04 + 2,04 32,47 = 6,71
2.2 (n=14) 3,6 [3,2-4,4] 8,63+ 1,82 28,95 + 4,61
p < 0,001 0,59 0,14

HieHTiB miarpynu 2.1 (n = 15) mMoOpiBHSIHO 3 XBOPUMU 3 BU-
[IMMU 3HAYSHHSIMU OCTEOKaIbLIMHY (rmiarpymna 2.2, n = 15),
p=20,018.

B 06ox minrpymnax (2.1 i 2.2) nauieHtu rnepedyBaiu B
cTaHi fekommneHcaitii LIJI, 111o He BIUIMHYJIO Ha BMICT OCTe0-
KaJIbIIMHY B CMPOBAaTIi KpoBi (Tabi. 3). Pazom 3 Tum pi3-
Huug B IMT (oxupiHHs cepen XBopux rpynu 2.1) He Oyia
BipOTiZHOIO BHACIIIOK HEBEIMKOI BUOIPKM JAHOTO ITOCHTi-
mxkeHHs. [Tpote B Halmx OibII paHHIX poOOTaX OTPUMAHO
MEePEKOHJIMBI CBiTUYEHHS TAKOTO B3aEMO3B’SI3KY Y XBOPUX 3
MepeBaXkaHHSIM BiClIepaIbHOTO TUITY OXUPIHHS.

O6roBopeHHs

Ha Hamy aymky, migBuIlLeHUI piBeHb OCTCOKAIBLIMHY
KpOBi MOXe BifirpaBaTy 3aXMCHY POJIb IIOJ0 aTepPOCKIIe-
POTUYHOTO MOIIKOIXKEHHSI CepLIeBO-CYIMHHOI CUCTEMU.

BaxnuBuili BHECOK OCTE€OKaIbILMHY B 3aXUCT KJIITUH
Miokappa minTBepmKkeHo B nociimkeHHi X.L. Zhang et al.
[15]. KapnionpoTeKTOpHUI MEXaHi3M peastizyeThCs LIISIXOM
3B’SI3yBaHHsI CUPOBATKOBOro octeokaabluHy 3 GPRC6OA
(peuenrop, 3B’ s13aHuii 3 G-6i1KOM, ciMelictBo C, rpyrma 6,
minTun A), SKuii eKCIIpecyeTbesl B TKAHMHAX MioKapaa i Mae
aHTIONMPOTEKTUBHUI TToTeHLian [16, 19].

3axMCHY poJib OCTEOKATIbIMHY IIOJ0 PO3BUTKY i MPO-
rpecyBadHsa CC3 miaTBepaKeHO B HU3II KIIIHIYHUX J0-
ciimxeHb. Tak, Ha ocHOBI aHasi3y gaHux 21 021 naiiieHra,
MOJlaHUX Y CUCTEMHOMY OTJIsIi 1 MeTaaHasi3i, mpoBe/e-
HOMY Ha OCHOBI pe3yabratiB 33 mocmimkeHsb [14], S. Seidu
i CITiBaBT. BCTAHOBUJIH, 1110 PiBHi 3arajJibHOTO LIUPKYJIIOI0U0-
0 OCTEOKAJBIINHY OyJIM BipOTiZHO HIKYMMU B MAIli€HTIB
i3 CC3 nopiBHSHO 3 TOKa3HUKAMK XBOPUX KOHTPOJbHOT
rpymu (—2,58 ur/mi (95% Al Bim —3,85 10 —1,32); p < 001).
JocainHuKu A0Bear 00epHEeHi 3HauyILli KOpessiiiiiHi 38’513~
KU MiX 3HAUEHHSIMU 3arajibHOTO OCTEOKAJIbLIMHY i MOoKa3-
HUKaMM TOBIIMHY KOMIJIEKCY iHTUMa-Mejlia COHHOI apTe-
pii, KOpOHAPHOTO aTepOCKIIepo3y, Kaubludikaliii aopTu Ta
KOPOHApHUX CYIMH, XapaKTePUCTUKAMU aTEPOCKIIEPOTUY -
HuX OJis1IoK [14].

Iloni6Hi pe3ynpratét momaHo B mociaimkeHHi T. Toya
i criBaBT. [21], gKi qOBeaM HASIBHICTh CTAaTUCTUYHO 3HA-
YYIIOTO 00EPHEHOTO KOPEJISIiHHOTO 3B’SI3Ky MiX 3Ha-
YEHHSIMU 3aTrajibHOTO OCTEOKAaJIbLIMHY CUPOBATKM KPOBi Ta
301IbIIIEHHSIM TOBIIMHU KOMILJIEKCY iHTMMa-Me/lia COHHOI
aprepii ( =—-0,12; r=-0,11; p<0,01), i B podoti K.J. Kim
i criBaBT. [22], sIKi BCTAHOBUJIU CJIa0K1ii 00epHEHUIT Kope-
JISIIAHWI 3B’S130K MiXX ITOKa3HUKaMM 3arajJbHOIO OCTEO-
KaJbLIMHY i Kanbludikauiero aoptu (r = —0,24; p <0,001).

IToka3HMK OCTeOKaJbIIMHY CUPOBATKN KPOBi pO3IJIsi-
NAI0Th SIK BaXKJIMBUI TTPOrHOCTUYHUI reMOJAMHAMIYHUI
napamMeTp Mepeoiry ilmemMiuHoi XBopoou ceplisl. 3oKpema,
HasIBHICTb HUXKYMX 3HAUYE€Hb OCTEOKAJIbIIMHY B CUPOBATIIi

KPOBi BipoTiZHO acoiliiioBaHa 3 BUIIMM CTYIIEHEM BacKy-
JIOTIaTii TpY 3aXBOPIOBAHHSIX KOPOHAPHUX apTepiii, TOOTO
3i 301IbIIEHHSIM KiJIBKOCTI ypakeHUX cynuH [23, 24].

OKpiM TOTO, HU3bKi 3HAUEHHST OCTEOKAIbLIMHY OB’ I3y~
I0Thb 3 TIOPYLIEHHSIM CUCTOJIUHOI NUCGYHKIIIT JIiBOTO ILTY-
HOUKA i BULIMM PU3UKOM CEPIIEBOi CMepTi. Y MOCIiIKeHHI,
MPOBEIEHOMY Ha OCHOBI aHaJIi3y KITiHiKO-JTabopaTOpHUX
MOKAa3HUKIiB 258 Malli€eHTiB KapaioJOoriYHOro BilIiIeHHS,
X.L. Zhang i cniiBaBT. BCTAHOBWJIM BipOTiJIHO BMIIli 3Ha-
YeHHsSI OCTEOKAJIbLIIMHY CUPOBATKM KPOBi B 0OCTEKEHUX
YOJIOBIKIB i3 cepellHiM MOKa3HUKOM (ppakiiii BUKUIY JTiBOTO
nutyHouka (OBJILL) > 62 % mopiBHSIHO 3 TaHUMM YOJIOBIKiB
3 ®BIII<62 % (p = 0,042) i 3adhikcyBanu 3HUKEHHS T10-
ka3HukiB @BJILLI, acomiiioBaHe 3i 3HIKEHHSIM ITOKa3HUKIB
OCTEOKaTbLIMHY cupoBaTku Kposi (B = 0,095; p =0,028). 3a
pe3yJibraTaMy aHaJli3y JOCHITHUKYU JOBEJIM BUIIUNA PUSUK
CeplIeBOI CMEPTi B IPYIli YOJIOBIKiB 3 HU3BKUM PiBHEM OCTe-
OKaJIbIIMHY MOPIiBHSHO 3 TaHUMMU, BCTAHOBJIEHUMU B TPYITi
YOJIOBiKiB 3 BUCOKMMU 3HAUYE€HHSIMU Mapkepa. OKpim Toro,
HAyKOBIIi BiI3HAYWIN BiICYTHICTb CTATUCTUYHO 3HAYYIIIOI
BiIMiHHOCTI 1 BipOTiIHUX KOPEJSIiii MixK TTOKa3HUKaMU
®BJII i 3HaYeHHSIMM OCTEOKAIbLIMHY B XiHOK 00CTexXe-
Hoi rpyrm. OTXe, TOCTiTHUKA BCTAHOBWIIM, 110 HU3BKUIA
PiBeHb OCTEKaIbLMHY CUPOBATKU KPOBi € MPEAUKTOPOM CH-
CTOJIYHOI IMC(YHKIIII JIiBOro IIIYHOUKA i ceplieBOi CMepTi
B YOJIOBIiKiB [15].

OpnHak icCHye HU3Ka AOCJiIXEeHb, 110 BKa3ylTh Ha
BiICYTHICTb BipOTiIHOTO BIJIMBY 3MiH ITOKa3HUKA OCTEO-
KaJbLIMHY Ha (popMyBaHHS i mepedir 3aXBOpIoBaHb ceplie-
BO-CYIMHHOI CUCTeMU, 30KpeMa aTepOCKIIEPO3Y, illleMidHOT
XBOPOOU ceplisl Ta iX YCKJIaJAHEHb Y BULJALI iH(papKTy Mi-
okapaa 4M iHcynbeTy |14, 24]. OTXe, IpobieMa BUBUCHHST
POJIi OCTEOKATbLIMHY Y BAHUKHEHHI i mporpecyBaHHi CC3
€ HEBUPIIIEHOIO Ta MOTpeOy€E MOMANBIINX JOCTIIKEHb.

BucHoBkMU

V mauieHTiB 3 JOKyMEHTOBAaHMMHU B aHAMHE3i ceplie-
BO-CYAMHHUMMU 3aXBOPIOBAHHSIMU, TAKUMU SIK TOCTPUIA
iH(dapKT MioKapnia, rocTpe MOPYILIEHHSI MO3KOBOT'O KPO-
BOOOITY, HasIBHICTIO CTEHTYBaHHSI KOPOHApHUX a00 Mepu-
¢depuyHUX apTepiil Ha TJIi LYKPOBOIO AiadeTy 2-TO THUILY,
110 TiATBEPXKYE aTEPOCKICPOTUYHE YpaxkeHHs apTepii,
CIOCTEPIra€EThbCsl HU3bKUI PiBeHb OCTEOKAIbIIMHY B CUPO-
BaTIli KPOBi MOPIBHSHO 3 XBOPUMU 0€3 TaKUX YCKIaIHEHb.

Hwu3bki 3HaUYeHHS OCTEOKaNbIIMHY CUPOBATKMU KPOBI
KOpPEJIOIOTh 3 BUHMKHEHHSIM MiacTOIYHOI IMC(YHKIIII 3a
TUTIOM CIIOBUIBHEHOI peJiakcallii, rinepTpodii JiBoro 1ury-
HOYKA Ta aTePOCKJIEPOTUYHUM YPaXKEHHSIM CTIHOK a0pTH B
Mali€HTiB 0e3 KIIiHIYHNX 03HaK CepLeBO-CYIMHHUX 3aXBO-
pPIOBaHb, 110 HE CITOCTEPIra€ThCsl Y XBOPUX HA LIYKPOBUU
niabeT 2-Tro TUITY 3 BUILIMMU 3HAYEHHSIMU LIbOTO ITOKa3HUKA.
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PiBeHb ocTeOKanblIMHY CUPOBATKU KPOBi HE 3aJIEKUTh
BiJl BEJIMYMHY iHIEKCY MacH Tija.

Hwu3pkuii MoKa3HUK OCTEOKAIbLUMHY CUPOBATKH KPOBI
MOXe PO3IJISIAATUCH SIK MapKep TSKKHUX CEPLIeBO-CYAMHHUX
3aXBOPIOBaHb Y MAOYTHHOMY.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiJICYTHICTh
KOHIIIKTY iHTepeciB i B1acHOI (piHaHCOBOI 3alliKaBICHOCTI
MpU MiArOTOBIII TaHOI CTAaTTi.

Buecok aBTopiB. KoBanbuyk A.B. — popmyntoBaHHS
TeMM Ta 3aBIaHHsI, HanMcaHHs TekcTy; 3inny O.B. — KoH-
mernuis i au3aiin; KymnapsoBa H.M., I1putouna O.B., Ko-
Basibuyk B.M., lllumxkane-IlIumosa K.O. — minGip i 06-
poOKka MartepialliB, 0(QOPMIEHHS TEKCTY.
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The indicator of osteogenesis is a potential marker of the risk
of cardiovascular diseases in patients with type 2 diabetes mellitus

Abstract. Background. An increase in mortality due to cardiovascu-
lar diseases in patients with diabetes mellitus necessitates the search
for effective prevention and treatment strategies. Osteocalcin, a
proven marker of bone metabolism playing a key role in the patho-
genesis of cardiovascular diseases, is considered one of the potential
therapeutic targets. The purpose of the study was to reveal possible
relationships between the osteocalcin level and severe cardiovas-
cular diseases in patients with type 2 diabetes (T2DM). Materials
and methods. Sixty-three patients with T2DM were examined, 40
(63.49 %) men and 23 (36.51 %) women, average age 58.11 + 1.25
years. Blood osteocalcin, glycated hemoglobin were evaluated, and
body mass index was calculated. Two groups were formed: group 1
(n = 30) with a history of cardiovascular diseases, group 2 (n = 33)
without the specified conditions in the past. Later, depending on the
amount of osteocalcin, the patients of group 2 were further divided
into subgroups 2.1 and 2.2, in order to determine the probability of a
difference between them in the parameters of the echocardiographic
study, which was performed for all patients of group 2. Statistical
processing of the results was carried out using the IBM SPSS Statis-

tics 20 program (IBM Corp., USA). The difference was considered
significant at p < 0.05. Results. Group 1 patients with a history of
cardiovascular diseases (acute myocardial infarction, acute cerebro-
vascular accident, stenting of coronary or peripheral arteries on the
background of T2DM) had lower values of serum osteocalcin com-
pared to the group 2 without specified complications (1.0 [1.0—2.2]
vs. 2.4 [1.0-3.5], p=0.016). Echocardiography revealed that among
patients without clinical signs of cardiovascular diseases, low serum
osteocalcin values were associated with the occurrence of diastolic
dysfunction in the form of delayed relaxation, left ventricular hy-
pertrophy and atherosclerotic lesions of the aortic walls, which were
not observed among participants with type 2 diabetes with higher
values of the marker (1.0 ng/ml [1.0—2.3] vs. 3.6 ng/ml [3.2—4.4],
p < 0.001). Conclusions. The relationship between the osteocalcin
level and cardiovascular diseases in patients with T2DM indicates
a high potential for the use of serum osteocalcin, namely its low
values, as a marker of severe cardiovascular conditions in the future.
Keywords: diabetes; osteocalcin; osteogenesis; cardiovascular di-
seases
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The influence of metformin and empagliflozin
administration on gut microbiota in individuals
with type 2 diabetes mellitus and hypothyroidism

Abstract. Background. There is a lack of studies focusing on the combined impact of metformin, empagliflozin,
and levothyroxine on the gut microbiota in patients with type 2 diabetes mellitus (T2DM) and hypothyroidism. The
purpose of the study was to examine how the combination of metformin and empagliflozin affects gut microbiota
composition in patients with type 2 diabetes and hypothyroidism. Materials and methods. We enrolled 47 pa-
tients who have been receiving hormone replacement therapy with levothyroxine at a stable dose over the past
2 years and were newly diagnosed with T2DM. All participants were divided into two groups and received either
metformin alone or metformin plus empagliflozin for 6 months. Metabolic and hormonal parameters were measured
before and after treatment, and stool samples were analyzed using PCR sequencing. Results. The study found
that in both groups, there was an improvement in carbohydrate metabolism, lipid profile, and liver transaminases
after treatment. The group treated with metformin plus empagliflozin had a more significant reduction in glucose,
glycated hemoglobin, and atherogenicity coefficient than the group treated with metformin alone. We also found
that combination therapy resulted in lower levels of Firmicutes and an increase in the number of Actinobacteria, as
well as a higher ratio of Bacteroides fragilis to Faecalibacterium prausnitzii. Conclusions. The study shows for the
first time that the combination of metformin, empagliflozin, and levothyroxine can directly affect the gut microbiota
composition in patients with T2DM and hypothyroidism. These changes may be necessary for treating this cohort
of patients and require further investigation.

Keywords: diabetes mellitus; hypothyroidism; metformin; empagliflozin; gut microbiota

Introduction

Recent studies have highlighted the complex interplay
between gut microbiota and various metabolic and cardio-
vascular conditions, including diabetes and cardiovascular
diseases (CVDs) [1]. The gut microbiota has been implicated
in the pathogenesis of type 1 and type 2 diabetes mellitus
through mechanisms involving immune response modulation
and metabolic regulation [2—4]. Furthermore, alterations
in gut microbiota composition, known as dysbiosis, have
been associated with CVDs, including atherosclerosis, hy-
pertension, and heart failure [4—6]. Interestingly, while the
relationship between gut microbiota and diabetes, as well
as CVDs, is well-documented, the specific connection to
hypothyroidism is not directly addressed.

However, given the systemic nature of gut microbiota
interactions, it is plausible that dysbiosis could also impact
thyroid function, as the microbiota influences wide-ranging
aspects of host physiology, including immune and metabolic
pathways that could intersect with thyroid hormone regu-
lation, although there are a small number of such works.
Recently, there has been research conducted in this field,
and one particular study, published in 2022, examined the
impact of metformin, pioglitazone, and levothyroxine on
the gut microbiota of overweight patients with type 2 diabetes
mellitus and hypothyroidism [7]. The effect of metformin on
the gut microbiota of patients with type 2 diabetes mellitus
(T2DM) has been documented, with studies indicating that
metformin may alter the composition of the gut microbiota,
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promoting the growth of specific beneficial bacteria and po-
tentially contributing to its hypoglycemic effects [3].

The impact of metformin on the gut microbiota has been
well-documented, with studies indicating that it may exert
hypoglycemic effects by altering the microbial composi-
tion, such as increasing the abundance of Bacteroidetes and
Verrucomicrobia and affecting the integrity of the intestinal
barrier and bile acid metabolism [8]. Metformin, a widely
used antidiabetic agent, has been shown to influence the
gut microbiome, remarkably increasing the abundance of
certain beneficial bacteria. For instance, Methanobrevibacter,
a genus associated with methane production and involved in
the gut’s energy metabolism, has been reported to increase
in abundance with metformin treatment in individuals with
T2DM [9]. This aligns with findings from other studies that
metformin can enrich beneficial taxa, such as Lactobacil-
lus and Akkermansia, which are known to affect gut barrier
integrity and anti-inflammatory properties positively [10].

There is a lack of studies focusing on the combined im-
pact of metformin, empagliflozin, and levothyroxine on the
gut microbiota of patients with T2DM and hypothyroidism.
Interestingly, while metformin is associated with beneficial
changes in the gut microbiota, it also has potential adverse
effects, such as an increase in Escherichia species, which may
mediate some of its intestinal side effects [11, 12].

There is evidence that SGLT2i reduces cardiovascular
morbidity and mortality, probably by increasing ketogene-
sis, which may influence the gut microbiome. While the
papers do not explicitly discuss the relationship between
SGLT2i-induced ketogenesis and the gut microbiome, it is
known that SGLT2i can increase ketone body production as
a result of shifting energy substrate utilization from glucose
to fat [13]. This shift could theoretically affect the gut micro-
biome composition and function, which has been implicated
in cardiovascular health. Some studies show increased Lac-
tobacilli and decreased phylum Bacteroidetes in patients with
established coronary artery disease. However, the specific
interactions between empagliflozin, levothyroxine, and the
gut microbiota are not detailed in the provided context. In
summary, while metformin has been shown to influence the
gut microbiota in ways that may contribute to its therapeu-
tic effects in T2DM, the combined impact of metformin,
empagliflozin, and levothyroxine on the gut microbiota of
patients with T2DM and hypothyroidism remains unclear.

The purpose of the study was to examine how the com-
bination of metformin and empagliflozin affects gut mi-
crobiota composition in patients with type 2 diabetes and
hypothyroidism.

Materials and methods

We conducted a study with 47 individuals recently diag-
nosed with T2DM. Within the study group were 26 women
and 21 men, averaging 54.0 * 6.8 years. Additionally, these
individuals had previously been diagnosed with hypothyroi-
dism and had been undergoing treatment for at least 2 years.
After an initial examination, the individuals were divided
into two groups and prescribed distinct treatment protocols.

The first group (Mtf), which included 23 patients, re-
ceived a daily dose of 2000 mg of metformin. The second
group (Mtf + Empa), consisting of 24 individuals, was given

a combination treatment of 25 mg of empagliflozin and a
daily dosage of 2000 mg of metformin. Both groups received
treatment with levothyroxine from 50 to 175 mcg daily to
maintain a euthyroid state. It should be noted that the ini-
tiation and gradual increase of the metformin dose for both
groups began with a daily dose of 500 mg and increased every
2 weeks until the total daily dose of 2 g was reached.

After six months of consistent treatment, the patients
were scheduled for a follow-up evaluation. This assessment
involved analyzing various factors such as fasting glucose,
HbAlc, total cholesterol, triglycerides, high-density lipo-
proteins (HDL), low-density lipoproteins (LDL), TSH, T3,
aspartate transaminase (AST), and alanine transaminase
(ALT) levels. In addition to these measures, stool samples
were collected to examine gut microbiota composition.

[t was analyzed using amplicon sequencing to examine
and determine the gut microbiota composition in each stool
sample. Stool samples are an excellent source for studying
the gut microbiome, representing the gastrointestinal tract’s
luminal bacteria. Amplicon, mainly targeting the 16S rRNA
gene, is widely used for characterizing microbial species in
such samples [14]. This technique identifies and quantifies
different taxa within a sample by using sequence differen-
ces in the 16S rRNA gene as a microbial fingerprint [14].
However, it is essential to note that stool samples may not
adequately reflect the mucosally adherent bacteria, and there
can be substantial variability in the assessment of the gut
microbial community according to the type of sample used
[15]. We could identify and examine the different microbial
species in the patient’s gut through the amplicon sequencing
analysis of stool samples. This data provided valuable insights
into how different treatment plans could potentially affect
the composition of the gut microbiota and how it may impact
the management of diabetes.

We collected stool samples from all patients to evaluate
the gut’s microbial composition. From these samples, we
extracted DNA and focused on specific genetic markers to
determine the levels of various gut bacteria species, including
Firmicutes, Bacteroidetes, and Actinobacteria. We also calcu-
lated ratios such as Firmicutes/Bacteroidetes and Bacteroides
fragilis group/Faecalibacterium prausnitzii, as these ratios
have been linked to metabolic disorders like diabetes.

Biochemical blood serum parameters were analyzed
using an automatic analyzer, Cobas Pro (using test systems
from Roche Diagnostics, Germany), with ¢ 501 modules.
This analyzer detected the levels of total cholesterol, tri-
glycerides, HDL, LDL, glucose, HbAlc, TSH, fT3, AST,
and ALT.

Additionally, the atherogenicity coefficient (AC) was cal-
culated according to the formula:

_ Total cholesterol, mmol/L — HDL, mmol/L
HDL, mmol/L

The atherogenicity coefficient greater than 3 was consi-
dered to be elevated.

The results were presented with the format M £+ m, where
M represents the arithmetic mean, m indicates the mean
square deviation, and n corresponds to the number of pa-
tients examined in each group. A p-value of less than 0.05
was considered statistically significant to determine differen-
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Tom 20, N2 4, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua 89


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

Table 1. Laboratory parameters of the examined patients before and after the treatment

skl

Before treatment After treatment
Parameter Mtf Mtf + Empa Mtf Mtf + Empa
n=23 n=24 n=23 n=24

Glucose, mmol/l 11.89 £ 0.44 12.34 + 0.51 8.59 + 0.32* 6.10 + 0.21**
HbA1c, % 8.39 + 0.25 8.42 + 0.32 7.46 = 0.20" 6.68 +0.18*
TSH, mclU/mL 3.83+0.12 3.79+0.14 3.46 + 0.11 3.51+0.13
fT3, pg/ml 2.60 £ 0.09 2.54 £ 0.08 3.12+0.10 3.21£0.12
Total cholesterol, mmol/L 6.42 + 0.26 6.55 + 0.34 416 = 0.21* 4.22 + 0.28*
Triglycerides, mmol/L 2.31£0.24 2.26 £ 0.29 1.13+£0.10 1.24 £ 0.12*
LDL, mmol/L 5.39 + 0.47 5.65+0.44 2.76 £ 0.28* 2.63 £ 0.34*
HDL, mmol/L 1.02 £ 0.20 0.97 +0.12 1.21 £0.05 1.57 +0.18*
AC, units 5.23+0.28 5.68 + 0.32 2.47 £0.12* 1.65 = 0.14*
ALT, U/ 51.74 + 3.39 53.84 +4.12 2412 + 3.20* 25.38 + 3.56*
AST, U/l 48.20 + 3.27 46.40 + 3.44 22.48 +2.18* 23.14 + 2.54*

Notes: * — p < 0.05 compared to values before treatment; * — p < 0.05 compared to values of the Mtf group.

ces between groups. The results were processed in Microsoft
Excel using descriptive statistics, Student’s t-test, and z-cri-
terion to compare two variables. The statistical reliability of
the markers was evaluated using the SPSS software based on
contingency tables, and indicators of diagnostic value were
calculated. The results were presented as M + m, where M
is the arithmetic mean, and m is the mean square devia-
tion. The difference was considered statistically significant
if p <0.05.

Results

Both study groups had abnormalities in carbohydrate
metabolism, lipid profile levels, and liver transaminases at
the start of the study, as shown in Table 1. The levels of thy-
roid hormones of both groups did not exceed the reference
norms since all patients were on stable replacement therapy
with levothyroxine for the last 2 years. After treatment, the
indicators of the thyroid panel of both groups did not change
significantly.

Firmicutes M Bacteroidetes
W Actinobacteria M Others

[}

100 7
90
80 -
70
60
50
40 1
30 -
20 -
10 1 18.08 21.82

Mtf I Mtf + Empa

Figure 1. Comparison of bacterial flora composition
in two groups after treatment

The carbohydrate metabolism levels improved, with a
significant decrease in glucose and HbAlc observed in both
groups after treatment. However, when comparing the two
groups, the Mtf + Empa group exhibited a significantly lo-
wer reduction in glucose and HbAlc compared to the Mtf
group. In the analysis of the atherogenicity coefficient, simi-
lar findings were observed. Additionally, it is worth noting
that treatment for 6 months led to significant improvements
in the lipid profile. In the Mtf + Empa group, there were
improvements in the levels of the entire lipid profile, while
the Mtf group showed improvements in total cholesterol and
LDL levels. Significantly improved levels of transaminases
were observed in both groups after treatment, as indicated
by a return to reference norms. This finding was statistically
significant when compared to pre-treatment indicators. All
of the above-noticed changes are reflected in Table 1.

The composition of the gut microbiota underwent sig-
nificant changes in the two groups, as shown in Fig. 1. Spe-
cifically, the Mtf group exhibited a decrease in the number
of Firmicutes at 18.08 = 0.64 %, which was lower than the
Mtf + Empa group with 21.82 £ 0.86 % (p < 0.05). Likewise,
the levels of Actinobacteria were found to be significantly
higher (p < 0.05) in the Mtf + Empa group (4.52 £ 0.26 %)
compared to the Mtf group (2.02 £ 0.17 %). The abundance
of Bacteroidetes in both the Mtf group (66.27 + 1.02 %) and
the Mtf + Empa group (60.68 & 1.12 %) was high, and no
significant difference was observed between these two treat-
ment approaches. After treatment, the Firmicutes/Bacte-
roidetes ratio significantly decreased from 1.32 £ 0.11 to
0.270 £ 0.021 in the Mtf group and 0.360 £+ 0.028 in the
Mtf + Empa group. In contrast, the patients in the Mtf +
Empa group exhibited a significantly higher Bacteroides fra-
gilis group to Faecalibacterium prausnitzii ratio 66.70 = 1.36
compared to the Mtf group 0.130 = 0.018 (p < 0.05).

Discussion

Hypothyroidism is a condition characterized by an un-
deractive thyroid gland, which can lead to various metabo-
lic abnormalities, including insulin resistance and impaired
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glucose control. T2DM is also characterized by insulin re-
sistance and impaired glucose regulation [7, 14]. The com-
bination of metformin and empagliflozin, two commonly
prescribed medications for type 2 diabetes, has been found to
affect the composition of gut microbiota in patients with co-
existing hypothyroidism. Several studies have suggested that
alterations in gut microbiota composition may contribute to
the development and progression of both hypothyroidism
and type 2 diabetes [15, 16]. Therefore, investigating the
impact of medications used for these conditions on gut mi-
crobiota is very important.

The literature suggests that metformin, as a first-line
treatment for type 2 diabetes mellitus, influences the gut
microbiota composition. However, the specific changes and
their implications for glucose metabolism are complex and
only partially consistent across studies. Metformin has been
associated with increased proportions of specific microbio-
ta, such as Bacteroidetes, Verrucomicrobia, and Escherichia,
which may contribute to its hypoglycemic effects [3, 17].
Additionally, metformin treatment has been linked to altera-
tions in gut metabolomics, particularly an increased ability to
produce butyrate and propionate, which are involved in glu-
cose homeostasis [ 18]. Contradictions arise with the findings
of a prospective cohort study that reported no significant
overall change in microbiome composition structure after
metformin treatment, although specific microbial species
did show alterations [19, 20].

Furthermore, other studies have indicated that met-
formin can lead to a decrease in the Firmicutes to Bac-
teroidetes ratio and affect functional pathways in the gut
microbiota, such as amino acid metabolism [16]. The list of
studies examining or comparing the gut microbiota compo-
sition in patients taking empagliflozin in combination with
metformin is minimal. Therefore, the combination of these
two drugs can have an exciting effect on the composition of
the microbiota.

In contrast, the patients who received both Mtf and
Empa treatments exhibited a significantly higher ratio of
the Bacteroides fragilis group to Faecalibacterium prausnitzii
than those who received only Mtf treatment. This increase
in ratio is a cause for concern as it is associated with diar-
rhea and abscesses in the intestine. Nevertheless, the study
also showed improvements in the diversity and abundance
of beneficial bacterial species, particularly an increase in
Actinobacteria levels. This increase indicates an overall im-
provement in gut health as these bacteria have favorable
anti-inflammatory, anti-allergic, and antitumor properties.
Furthermore, the study revealed reductions in pro-inflam-
matory bacterial groups like Firmicutes and improved lipid
and glucose homeostasis markers. These findings emphasize
the potential of combination therapy in modulating gut
microbiota and suggest its role in managing diabetes and
hypothyroidism.

A study of the effect of metformin and the combina-
tion of metformin with empagliflozin on gut microbiota
composition was conducted in two groups of patients. This
made it possible to detect more pronounced changes in the
microbiota in patients who received empagliflozin. How-
ever, it remains an open question whether the combination
of metformin and empagliflozin leads to the potentiation

of their effects on the gut microbiota or vice versa to the
cross-destructive impacts. To get answers to these questions,
further observations and a more significant number of studies
in patient groups are needed.

Conclusions

The study found that both groups had improvements in
carbohydrate metabolism, lipid profile, and liver transami-
nases after treatment. The group that received metformin
plus empagliflozin had more significant reductions in glu-
cose, glycated hemoglobin, and atherogenicity coefficient
than the group that received metformin alone. We also found
that the combination therapy led to a decrease in Firmicutes,
an increase in Actinobacteria, and a higher ratio of Bacteroi-
des fragilis group to Faecalibacterium prausnitzii. Our study
shows for the first time that the SGLT2 inhibitor empagli-
flozin, in combination with metformin on the base of re-
placement treatment with levothyroxine, can directly affect
the composition of intestinal microbiota in patients with type
2 diabetes and hypothyroidism. However, further research is
needed to understand the underlying mechanisms better and
to determine if these changes in gut microbiota contribute
to the overall therapeutic effect of the combination therapy.
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Mocksa X.A.", Kixtak O.I1.", Kixtsak T.A.2, ®apmara MA.", Aewwyk S.A.", Aewyk €.C."
" AbBIBCbKIMM HALIOHAABHU MEAVNYHWI YHIBEPCUTET iMeHi AQHWAQ [QAMLbKOro, M. /\bBiB, YKpQiHQ
2 KHIT AOP «/\bBIBCbKQ OBAQCHQ KAIHIYHQ AIKQPHS», M. /\bBIB, YKpQiHQ

BrnAvB NPU3HAYEHHSI MEeTHOPMIHY TO eMMNArAiPAO3UHY HO MIKPOBIOTY KMULLEYHUKA B OCI6
i3 LYKpOBUM Ai06ETOM 2-r0 TUNY 1 rinoTMPEo3oM

Pe3iome. Akmyaavnicms. Ha cboronHi HeIOCTaTHBO TOC/IIKEHD,
MPUCBIYEHUX KOMOIHOBAaHOMY BILUTMBY MeT(hOPMiHY, eMmariicio-
3UHY i IEBOTUPOKCUHY Ha MiKPOOiOTY KMIIIEYHMKA B MALlIEHTIB i3
1yKpoBuM fiadetom 2-ro tury (L/12) ta rimotupeo3zom. Memoro
docaidncenns OyJ0 BUBYUTH, IK KOMOiHaLlist MeT(OPMIHY i emIia-
ihI03MHY BIUTMBAE Ha CKJIAJ KMIIKOBOI MiKpOOiOTH B TAlliEHTIB
i3 IIyKpOBUM JiabeToM 2-TO THUITy Ta TimoTupeo3oM. Mamepiaau
ma memoou. Mu 3amyannu 47 MAIiEHTIB, SKi OTPUMYIOTh 3aMiCHY
TOPMOHOTEPAIilo JIEBOTUPOKCMHOM Yy CTaOUIbHIl 1031 BIPOIOBXK
OCTaHHIX JIBOX POKiB, i3 Briepiue aiarHocroBaHum LIJI2. Yci xBopi
OyJIM pO3M1iJIeHi Ha IBi 'PYIM i OTPUMYBAIU 200 TiJTbKU MeT(HOPMiH,
200 MeT(hOpMiH y KOMOiHALIiI 3 eMIarTipJIoO3NHOM YIIPOIOBXK IIe-
cTH MicsiiB. Jlo Ta mic/s JiKyBaHHSI BUMipIOBaJIM METa0OJIiuHi Ta
TOPMOHAJIbHI MMOKAa3HUKU, 3pa3Ky Kaly aHasIi3yBaIu 3a TOTIOMOT0I0
[JIP-cexBenyBaHHs1. Pe3yasmamu. J1ocniKeHHs 1ToKa3aso, 110 B
000X rpymax ITicjIs Tepallii CIocTepiraaocs IMoKpalleHHs moKa3-

HUKIiB BYIJIEBOJHOTO OOMiHY, JiMiIHOTO Mpodisito Ta Me4iHKOBUX
TpaHcaMiHa3. Ipyra, sika oTpumyBaja MeTHOPMiH y MOETHAH-
Hi 3 eMnartiha03MHOM, Majia BiporiTHe 3HVXEHHS PiBHSI TJI0-
KO3H, IJIIKOBAHOTO TeMOTJI00iHy 11 Koe(illieHTa aTepOreHHOCTI,
HiX rpymna, sika OTpUMYyBaJja Juile MeTdopMiH. MU BUSIBUIH, IO
KOMOiHOBaHa Tepartisi IpUBOAWIA 10 3HUXKEHHSI PiBHIiB Firmicutes
i 30ibIIEHHS KiJTbKOCTI Actinobacteria, a TaKoX ITiIBUIILyBaja
criBBimHOMIEHHS Tpynu Bacteroides fragilis no Faecalibacterium
prausnitzii. Bucnosku. JlocnimxKeHHs BIepllle MOKa3ye, 1110 KOM-
OiHaliss MeTopMiHy, eMnariaidJIo3uHy Ta JEeBOTUPOKCUHY MOXEe
Oe3mnocepeIHbO BIUIMBATU Ha CKJIaJ KMIIKOBOT MiKpOoOioTH B
marienTiB i3 /12 i rimoTupeo3om. Yka3zaHi 3MiHU MOXYTb OyTH
BaXKJIMBUMMU UISI JIiIKYBaHHS I1i€i KOTOPTU XBOPUX Ta MOTPeOyIOTh
MOJAJIBIIUX AOCIHTiIKEHD.

KirouoBi ci10Ba: nykposuii giabet; rinotupeos; MeTopMiH; eM-
narmiIo3MH; KUIIKOBA MiKpobioTa
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Acouiauig noAimopdismis
reHis 3,-, B,-aApeHopeLenTopiB 3 PUSKOM
PO3BUTKY CepL.eBOi HeAOCTATHOCTI
Y XBOPUX HA LLYKPOBUU AiaOeT 2-ro tuny

Pe3tome. AkryanbHictb. Cepliesa HegocTaTHicTs (CH) € HavinoLLMPEHILLIOK MPMYMHO rocriTanizauii Ta cMepTi
XBOpUX 3 NaTosiorieto cepueBo-cyanMHHoI cuctemu. Bigomo, 1o 3 nepebirom CH, ii nporpecyBaHHAM r1oB si3aHi
CyrnyTHIi 3axBOPIOBaHHS | AMHaMIKa Uinoi HU3ku 6ioMapKepiB, rOPMOHIB | FEHETUYHUX YNHHUKIB. [lonimopgiamm
reHis B,- i BagpeHopeyentopis (B,- i B,-AP), iMOBIpHO, BigirpatoTs BaXmBy poOsib Y BUHUKHEHHI, MPorpecyBaHHi
CH i popmysaHHi Bigrosigi Ha Tepanito B-aapeHobriokaropamu. [poBeAeHHs] KOMIMIIEKCHOro aHaniay Moxe gogatm
aprymeHTiB Ha KOPUCTb NPUYNHHO-HACITIAKOBOIO 3B8’I3KY roiMopghiaMy | heHOTUIIB 3axBoproBaHHs. Lle crioHykae
[0 rpOBeLEHHS1 HOBMX AOCXXEHb y UboMy HanpsmKy. MeTta: BuB4YnTHN B3aEMO3B’'I30K MOSIMOPI3MIiB reHis -
i B,-agpeHopeLenTopiB 3 pU3vKoM Po3BUTKY cepLieBoi HegoctatHocTi. MaTtepianu Ta metoau. BkrtoveHo 201 xBo-
poro 3 CH Ha ¢boHi nicnsiHgpapkTHOro kapgiocknepody. KoHTposbHa rpyna — 43 340poBux 0cobu MOPIBHAHHOIO
BiKy i ctari. [lpoBoanIoCc, reHoTunyBaHHs 3a Tpboma ronimopgiamamu (Gly389Arg reHa B,-AP, Ser49Gly reHa
B,-AP, GIn27Glu reHa B,-AP) 3a gornomororo nosnimepasHoi naHUtoroBoi peakuii. BukoHyBann exokapgiorpagito.
CratnctnyHnii aHania nposoguv 3a goromororo nporpam SPSS i SNPStats. Pe3ynbtatu. Anenb A (A/G-A/A)
ronimoppiamy Serd9Gly reHa [B,-AP acouitoeTbcs 3i 3HUXKEHHAM pu3unky possutky CH (CLU = 0,45 (0,23-0,91),
p = 0,029, goMiHaHTHa Mogesib crnagKkoBocTi). daHi npo 3HumkeHHs1 puanky CH 3a HasiBHOCTI anesi A noniMopgiamy
Ser49Gly reHa 3,-AP nigTBepXyoTbes 1y kogomiHaHTHivi (CLL = 0,43 (0,22—0,87), p = 0,048), HaamipHO-[OMIHaHT-
Hivi (CLL = 0,43 (0,21-0,86), p = 0,02) i Ha piBHi TeHgeHyii — y nor-agutusHiv (CLU = 0,51 (0,27-0,99), p = 0,051)
mogensx cnagkoBoctTi. [ig Yac npoBeaeHHs NMOPIBHAILHOIro aHanidy poanoginy anenevi nonimopgpiamy Serd9Gly
(c.145A>G) reHa [3,-AP BusiBrieHO TeHAEHUI0 40 3MEHLLEHHS YacToTu aneni A 'y xsopux i3 CH rnopisHsHO 3 rpyroto
KoHTpormo (11,9 %, npotn 19,7 % BignosigHo; x° = 3,759; p = 0,053). Cepen xsopux i3 CH reTepoanroTHuii reHoTun
(G/A) syctpivaBcs y 21,9 % npotvu 39,5 % y rpyni koHTposio (x? = 6,163; p = 0,046). Anenb A (A/G-A/A) nonimop-
iamy Serd9Gly reHa ,-AP acouitoeTbCs1 3i SMEHLLIEHHSIM PUBUKY 3HWXKEHHS (hpaKkuii BUKUAY NiBOro LUyHOYKa
(®BJIL) <40 % (CLU = 0,43 (0,19-0,95), p = 0,048 y nomiHaHTHivi Mmogeni Ta CLL = 0,42 (0,19-0,93), p = 0,033 y
HaaMIipHO-AOMIHaHTHIVE Mogesni crnagkoBocTi). Puank 3HmxeHHs1 @B JILL y xBopux i3 CH e Humkyuum y HociiB aneni G
nonimopgpHoro nokycy GIn27Glu rena B,-AP (CLU = 0,52 (0,30-0,92), p = 0,025). BUCHOBKWN. Pu3nk po3BuTky
cepLeBoi HeoCTaTHOCTI Ta ii hbeHOTUIM acoUitoETLCA 3 FEHETUYHUMU BIAMIHHOCTAMU B-afpeHopeLenTopis. Anesb A
ronimopgpiamy Serd49Gly reHa [3,-anpeHopelenTopiB acoLitoeTbCs 3i BHUXKEHHSM PUSUKY PO3BUTKY cepLeBoi He-
pgocratHocTi (CLL = 0,45; p = 0,029, foMiHaHTHa MOZEsIb CrafKOBOCTI) | 3HVXKEHHSIM BesMYnHN hpakuii Bukugy
nisoro wnyHo4ka < 40 % (CLLU = 0,43; p = 0,048, gomiHaHTHa Mogesb). Pu3unk 3HmKeHHs ghpakuii Bukugy nisoro
LLTYHOYKA Y XBOPMX i3 CEPLIEBOI0 HELOCTATHICTIO € HMXYMM y HociiB anesni G nonimopgpHoro nokycy GIn27Glu reHa
B,-agpeHopeuentopis (CLLU = 0,52, p = 0,025, HagmipHO-AOMIHaHTHa MoAeslb CrnagkoBOCTI).

Knro4oBi cnoBa: uykposuii giaber; B,-aapeHopeLentopu; B,-aapeHopeLenTopu; cepLesa He0CTaTHICTb; MoJli-
MOpPiaM; reH; gopakuis BUKuZy /iBoro LUyHoYKa
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Bctyn

CepiieBa HefoctatHicTb (CH) € HalimompeHinow npu-
YHOIO TOCIIiTali3allii Ta CMEPTi XBOPUX 3 MATOJIOTIEIO cep-
1eBo-cyauHHoI cuctemu [1]. Bimomo, 1o 3 mepedirom CH, it
MporpecyBaHHSIM IOB’s13aHi IykpoBuii giadet (LIJ1) Ta iHmi
CYMYTHi 3aXBOPIOBAaHHS Ta IMHAMIKa 11iJI01 HU3KK OioMap-
KepiB, TOPMOHIB i reHeTUUHUX YMHHUKIB [2, 3]. [TonepeaHi
JTO- Ta KJIiHIYHI JOCTiIKEeHHS OCTaHHIX JeCATIWIITh JOBEIN,
mo mpu CH crmoctepiraeTbest cTabiabHe 30iIbIIEHHS CH-
POBAaTKOBUX KOHIIEHTpalliii KaTexojaaMiHiB [4]. Bonu pea-
JI3YIOTh CBOI e(heKTH Yepe3 CUCTEMY [B-aIpeHOPEIeTITOPiB
(B-AP) — mapHi TpaHcMeMOpaHHi MPOTEiHU, SKi 3HAXOASATh-
¢sl Ha KJIITMHAX BChbOTO OPraHi3My, BKJIIOYHO 3 KapAioMiolu-
TaMU, TJIafeHbKUMU MiOLMTAaMU CYIMH i MO3aCyIMHHUMU
KJIITUHAMM TTapeHxiMaTo3HuX opraHiB [3]. [Ipu xpoHiuHii
akTuBallii B-AP ceplie TIpalltoe y MOCHICHOMY PeXkiMi — 3a
HaAMipHOTO 30ibIIEHHS YaCTOTU 1 CUJIM CePLEBUX CKO-
pOYEHb, 1110 MPU3BOAUTD 10 BUCHAXKEHHS METa0O0JIiUHUX
pe3epBiB, 30KpeMa 3HMKEHHsI CKOPOTJIMBOI 3MaTHOCTI, Ta
BpelITi — 10 aekoMmmeHcanii xsopux i3 CH [5].

TMonimopdismu reHis B,- i B,-AP, iMoBipHO, BimirpaloTh
BaXXJIMBY pOJIb Y cTaHOBJIEeHHI i1 mporpecyBanHi CH i dop-
MyBaHHI BilllTOBii Ha Tepariito [3-agpeHobI0KaTopamu [6].
IIpumnyieHHs 11010 acouiallii mojaiMopdi3MiB IeHiB cucTe-
MU [(-ampeHopelenilii Ta GyHKIIiT ceplieBO-CyIMHHOI CUC-
TeMU OTPYMaHi Ha OCHOBI JaHUX JOKJIiHIYHUX i KIiHIYHUX
JOCTimKeHb. IMOBipHO, 1110 KOXHA 3 IINX CEPilt MOCTiMmKeHb
Ha Pi3HUX PiBHSIX: KJIITHHHOMY, OpTaHHOMY B €KCIIEPUMEHTI
3 TpaHCTeHHUMU MUIIIAMHU, eX Vivo Ha ceplli JTIOIUHU — Ma€
cBO1 0OMexkeHHs [7]. BogHovac mpu mpoBeIeHHI KOMILUIEK-
CHOTO aHaJIi3y BOHU MOXYTb CTaTH apIyMeHTaMU Ha KOPUCTh
MPUYMHHO-HACIIKOBOTO 3B’SI3KY TosliMopdi3my i (heHOoTH-
MiB 3aXBOPIOBaHHS a00 hapmaxoTepartii [8, 9]. Lle cioHykae
IO TIPOBEICHHST HOBUX TOCTIKEHD Y IIbOMY HaITPSIMKY.

Meta pod0oTH: BUBUYMTU B3aEMO3B’SI30K MOJIIMOPGhi3MiB
TeHiB ;- i B,-agpeHOpenenToOpiB 3 PU3NKOM PO3BUTKY CEP-
11€BOI HETOCTATHOCTI.

MarepiaAm Ta meToamn

XBoOpi OyaM 3anydyeHi A0 OOCHiAXKEHHS Ha MOMEHT
rocmiTajizaiii 10 KapaioJOTiYHOTO BiIIiIeHHS y 3B’ SI3KY
3 nekommneHcauiero CH. O6crexeHno 201 xBoporo i3 CH
imemMiuHoi eTioJorii eBporneoigHoi pacu. 88 (43,8 %) manu
CH 3i 3HMXeHOI0 (hpaKilielo BUKUIY JIiBoTo 1rTyHouKa (DB
JILT), 60 (29,9 %) — nocriitHy dhopmy bibpUIIsILiil epe-
cepap (PIT), 45 (22,4 %) — L1 2-ro Tuny (LI12). [TpoTo-
KOJI JOCITiIXEeHHS OyJ10 3aTBEPAXKEHO JoKaTbHUM Komirte-
TOM 3 ITUTaHb €TUKY Ta IeOHTOJIOTIi IBaHO-PpaHKiBCHKOTO
HalliOHAJBbHOTO MEINYHOTO YHIBEPCUTETY. YCi MPOBEIEHI
METOIU JOCIIiIKEHHS 3a y4acTIO Malli€HTiB 0yJI0 BUKOHAHO
BiITIOBiTHO 10 eTMYHUX HOPM [e/IbCiHCHKOI IeKapariii.

Kputepii BKiroueHHS: minnyucaHHs iHPopMOBaHOI 3ro-
1, iHbapkT Miokap/a B aHaMHe3i, BepudikoBaHuii JiarHo3
CH cragii C, II-1V ®K 3a NYHA. Kputepii BUKTIOUEHHS:
He MianucaHo iHhopMoOBaHY 3rofy, FreMOJAMHAMIYHO 3Ha-
gyl kiaanaHHi Baau cepiist, CH iHIoi etiosorii, 3anmanbHi
3axBOpIOBaHHS, AekoMmeHcallis LI, xpoHiuHa xBopoba
Hupoxk IV ct.

Hiarnoctuky i nikyBanus ®I1, CH 3aiiicHioBanu 3rin-
HO 3 KJIiHIYHUM MPOTOKOJIOM HaAaHHSI MEAUYHOI J0MO-
Moru xBopuM i3 ®I1, CH, 3arBepmxkeHum HakazoM MO3
Vkpainu Big 03.07.2006 No 436, i 3rigHO 3 peKOMeHAALIis-
Mu €Bponeiicbkoro ToBapucTtsa Kapaiojoris (ESC) momo
NiaTHOCTUKU ¥ JIiKyBaHHsI TocTpoi Ta XxpoHiuyHoi CH 2021
poky [10].

KonTponbny rpyny ctaHoBuau 43 3m0poBi ocodn. Cra-
TUCTUYHMIA aHaJli3 HEe BUSIBMB BipOTiIHOI Pi3HUII 32 pO3-
IMOIIJIOM YaCTOT CTaTi Ta BiKy MixK KOHTPOJIbHOIO TPYIOI0
ta xBopumu i3 CH. Ipynu He BinpizHsMcs MixX co0oro 3a
CTaTTIO Ta BiKoM (TabJ. 1).

VY Bcix XxBopux Oys10 BU3HAUEHO ToIiMOpdi3M TeHiB f3,-
i B,-AP. lna Binbopy nonimMopdizamMiB BUKOPUCTOBYBAIUCS
6a3u nanux dbSNP, SN Pinfo i SNPnexus [11]. Ychoro 6yio
BiniopaHo 3 nosimop@dizmu aBox reHiB (Tadj. 2). Jlabo-
paTOpHUIA MepCcoHal He 3HAaB, J10 SIKOT IPyMNU HaJlexaTh na-
uientu; 10 % Bcix 3pa3kiB JJHK reHoTumyBaancst moBTOpHO
3 METOIO0 KOHTPOJIIO SIKOCTI.

KpoB mj1s1 MoeKyIsIpHO-TeHeTUIHNX JOCIIIIKEHb Bill-
oupanu y BakyraitHepu VACUTEST 3 K3EDTA. IHK
BUALISIIN i3 1inbHOL KpoBi. Bumineny JHK 36epiranu no
npoBeneHHs amrutidikarii mpu Temmneparypi minyc 20 °C He
Oinblle Bif TPhOX MicsliB. [eHOTUITYBaHHS MOJIMOPGHUX
caiiti reHiB B,-AP (rs1801253; ¢.1165G>C; p.Gly389Arg),
B,-AP (rs1042714; ¢.79C>G; p.GIn27Glu) npoBoauIu Me-
TOOOM ToJiMepa3Hoi aHIiorosoi peaxiii (ITJIP) y pexu-
Mi peasibHOTO 4acy. st reHOTUIyBaHHS ToJiMopdizmy
Ser49Gly rena B,-AP (rs1801252; c.145A> G; p.Ser49Gly)
BukopuctoByBaiin TagMan SNP Genotiping Assay (Assay
ID C_8898508_10) i Universal PCR Master Mix (Ref.
4304437) (Thermo Fisher Scientific, CIIIA) BinnmoBinHO
1o TagMan® Universal PCR Master Mix USER GUIDE
(Applied Biosystems by Life Technologies). Amrmtigikariito
MPOBOAMWJIMU 32 JOTTOMOTOI0 CUCTEMM JETeKIlii MPOAYKTIB
IJIP y peanproMmy yaci CEX96 Touch (BioRad). st anenb-
HOI IMCKPUMiHAllii BUKOPUCTOBYBAJIN ITpOrpaMHe 3abe3rie-
yeHHs1 CFX Manager Software.

BuBueni Hamu nosimopdizMu Oyu B piBHOBa3i Xap-
ni — BaitHGepra, 3a BuHaTkoM KGly389Arg reHa f3,-AP
(tabu. 3). ¥ 3a3HaueHOro moximMopdizmy OyJ10 BiIXMICHHS
Bill piBHOBAru sIK 3arajioM, Tak i y rpymni xsopux i3 CH 3a
paxyHoK 0paky aneisi G. Y KOHTPOIbHI# TPYITi BiIXUICHHS
He criocTepirauocsl.

Ta6bnnuys 1. Xapaktepuctka KOHTPOJIbHOI rpynu T1a xsopmx i3 CH (n = 244)

Mpynn
MapameTpu o P
KoHTponbHa (n = 43) XBopi i3 CH (n = 201)
Bik, pokn 56,00 [52,00-65,00] 58,00 [54,00-67,00] 0,179
XKiHKM 16 (37,2 62 (30,8 .
CraTtb, n (%) . (37.2) (30.8) %361%
Yonosiku 27 (62,8) 139 (69,2) ,

94 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 4, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Tabnuys 2. Xapaktepuctuka BUB4EeHUX MoniMopgiamis

leH Monimopdpiam HykneotunpgHa 3amiHa AmMiHOKUCNOTHa 3aMiHa
B,-AP rs1801253 c.1165G>C Gly389Arg
B,-AP rs1801252 c.145A>G p.Ser49Gly
B,-AP rs1042714 c.79C>G p-GIn27Glu
Ta6bnuys 3. PiBHoBara Xappgi — BaviH6epra (3Ha4eHHs1 p)

Monimopcpiam KoHTponbHa rpyna XBopi i3 CH 3aranom
Gly389Arg rena (3,-AP 0,17 0,013 0,0029
Ser49Gly reHa 3,-AP 0,18 0,75 0,27
GIn27Glu rena f3,-AP 0,74 0,76 0,58

Ta6nunys 4. 38’130k nonimopdpiamis reHis B,- i B,-agpeHopeLenTopis
3 PUBUKOM PO3BUTKY cepLeBOi HEOCTaTHOCTI
cn';":'f::;cﬂ FeHoTHn 'r(")’;'; §°:'(’;:,§‘ CH, n (%) CLU (95% Al) p IKA | PXB
Monimopdpiam Gly389Arg reHa f3,-agpeHopeLenTopis
G/G 28 (65,1) 121 (60,2) 1,00
KopomiHaHTHa G/C 1 (25,6) 61 (30,4) 1,28 (0,60-2,75) 0,81 232,8 243,3
C/C 4(9,3) 19 (9,4) 1,10 (0,35-3,49)
[ominaHTHa a/G 28 (65.1) 121 (60.,2) 1,00 0,55 230,9 237,9
G/C-C/C 5(34,9) 80 (39,8) 1,23 (0,62—2,46)
G/G-G/C 39 (90,7) 182 (90,5) 1,00
PeuecuBHa 0,98 231,2 238,2
C/C 4(9,3) 19 (9,4) 1,02 (0,33-3,16)
HanomipHo- G/G-C/C 32 (74,4) 140 (69,7) 1,00
HOI\ﬁngHTHa G/C 11 (25,6) 61 (30,4) 1,27 (0,60-2,68) 0,53 2308 237.8
Jlor-agntneHa - - - 1,13 (0,68-1,88) 0,65 231,0 238
Monimopdpiam Ser49Gly reHa ,-aapeHopeLenTopis
G/G 26 (60,5) 155 (77,1) 1,00
KopomiHaHTHa A/G 17 (39,5) 44 (21,9) 0,43 (0,22-0,87) 0,048 227,2 237,7
A/A 0 (0) 3(1,1) 0,00 (0,00-NA)
) G/G 26 (60,5) 155 (77,1) 1,00
[omiHaHTHa 0,029 226,4 233,4
A/G-A/A 17 (39,5) 46 (22,9) 0,45 (0,23-0,91)
G/G-A/G 43 (100) 199 (99) 1,00
PeuecuBHa 0,38 230,4 237,4
A/A 0 (0) 2(1) 0,00 (0,00-NA)
HapmipHo- G/G-A/A 26 (60,5) 157 (78,1) 1,00 0,02 225.8 2328
AOMIHaHTHa A/G 17 (39,5) 44 (21,9) 0,43 (0,21-0,86)
Jlor-agntneHa - - - 0,51 (0,27-0,99) 0,051 227 234,4
Monimopdpiam GIn27Glu reHa B,-agpeHopeLenTopis
C/C 19 (44,2) 82 (40,8) 1,00
KopomiHaHTHa C/G 18 (41,9) 91 (45,3) 1,17 (0,58-2,38) 0,91 233 243,5
G/G 6(13,9) 28 (13,9) 1,08 (0,39-2,98)
[oMiHaHTHa cie 19 (44,2) 82(40.8) 1,00 0,68 231,1 238,1
C/G-G/G 24 (55,8) 119 (59,2) 1,15 (0,59-2,23)
C/C-C/G 37 (86) 173 (86,1) 1,00
PeuecuBHa 1 231,2 238,2
G/G 6 (13,9) 28 (13,9) 1,00 (0,39-2,58)
HapmipHo- C/C-G/G 25 (58,1) 110 (54,7) 1,00 0,68 2311 2381
AOMIHaHTHa C/G 18 (41,9) 91 (45,3) 1,15 (0,59-2,24)
Jlor-agutueHa - - - 1,07 (0,66—1,73) 0,77 2311 238,1

Mpumitkn: TyT i B Tabn. 8 i 13: IKA — iHhopmavivinmii kputepivi Akaike; PXB — piBHoBara Xapai — BaviH6epra.
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AHaJti3 HOpMaJIbHOCTi PO3ITOALTY ITOKa3HUKIB BUKOHAIN
3a goromorolo Kputepito Lllanmipo — Yinka. [lani HaBene-
Hi 9K MemiaHa (Me) Ta iHTepKBapTWIbHUI Jdiana3oH (IIpu
PO3IOIiJIi TaHUX, 1110 BilPi3HSAETHCS Bill HOPMAJIbHOTO).
KinpKicHi moKa3HMKY MOPiBHIOBAJIM 3a JOIIOMOIOI0 Hema-
paMeTpruyHOro Kputepito ManHa — YiTHi. PisHuiio cepen
YaCTOT O3HAK y rpyrnax ouliHloBaiu 3a Kputepiem x> Iip-
coHa. Pospaxysanu cniBBinHoueHHs 1ancis (CII) 3 95%
noBipunuM iHTepBaioM (). PizHulio Mix 3HaueHHSIMU
BBaxKaJI CTaTUCTUYHO BipOTiAHOIO IPU PiBHiI KPUTEPIIO
3Hauyiocti p < 0,05. CratucTuyHy 00pOOKY MPOBOIMIN
3a JOMOMOroI0 MmakeTiB mporpam IBM® SPSS® Statistics,
20.0 (free-download full Version). [eHeTHKO-eminemMionorivy-
HUIA aHaJTi3 3[iliCHIOBaBCSA 3a AOMOMOrolo online-mporpaMu
SNPStats (https://www.snpstats.net/start.htm?) (Incturyr
oHkoJorii, Katanonis, Icnanist) [14].

PesyAbTaTU

IIpoBeneHuii aHami3 3a MOJEISIMU CITaJKOBOCTi HE BU-
SIBUB BipOTiZHUX pi3HUIL MixX xBopumu i3 CH i rpymoro
KoHTpoJto 3a noniMopdizmamu Gly389Arg rena 3,-AP,
GIn27Glu rena 3,-AP (ta6m. 4).

[Topsim i3 UM CTAaTUCTUYHUI aHaIi3 MPOIEMOHCTPY-
BaB, 1110 anenb A (A/G-A/A) nonimopdizmy Serd9Gly rena
B,-AP acortitoeTrcst 3i 3HIKEHHSIM pU3UKY po3BUTKY CH
(CI = 0,45 (0,23—0,91), p = 0,029, noMiHAaHTHa MOJEJb
CIIagKOBOCTI) (Tab. 4).

Hani nipo 3HmkeHHs pu3uky CH 3a HasiBHOCTI anesnti A
noniMmopdizmy Serd9Gly rena f3,-AP minTBepmKyoThCs it
y kogominanTHii (CLI = 0,43 (0,22—0,87), p = 0,048),
HanMipHo-moMiHanTHii (CLI = 0,43 (0,21-0,86), p=0,02)

i Ha piBHI TeHAeHLII — y mor-amutuBHii (CLI = 0,51 (0,27—
0,99), p=0,051) Mmozeni cmagKoBOCTi.

He BusiBneHo BiporinHMX 3aKOHOMipHOCTE! Y PO3ITOILITI:
aneseit momiMopdizmy Gly389Arg rena B,-AP, momimopd-
Horo soKycy GIn27Glu (c.79C>G) rena B,-AP, Mix rpyna-
MU xBopux i3 CH i KOHTPOJBHOIO IPyTIOI0.

He 3nalineHo i1 BiporiqHoi pi3HMIII 32 pO3MOAiJIOM Yac-
TOT TEHOTUIIIB BUIIe3a3HAYCHUX ITCHIiB ITOMiX XBOPUMH i3
CH i rpymoto KOHTpoJTIO.

[lix yac mpoBeAeHHS TOPIBHAILHOTO aHAJTi3Y PO3MOILTY
aneneit momiMopdizmy Serd9Gly (c.145A>G) reHa B,-AP
MiX TpyraMy BUSIBJIEHO TEHAEHIIIO 10 3MEHIIIEHHS YaCTOTH
BUsIBJIEHHS ajieni A 'y xBopux i3 CH mopiBHSIHO 3 TpyIioro
koHTpodo (11,9 % npotu 19,7 % BinnosinHo; ¥* = 3,759;
p = 0,053) (tabm. 5).

BusBiaeHO TakoX BipOTiIHY pPi3HMIIO 3a PO3IOMdi-
JIOM 4acTOT Te€HOTUIIIB nojiMopdHoro jokycy Ser49Gly
(c.145A>G) rena B3,-AP (ta6m. 6). Tak, cepen xBopux i3 CH
reteposuroTHuii renotun (G/A) tpamissesay 21,9 % npotu
39,5 % y rpymi koHTpOTIO (> = 6,163; p = 0,046).

88 XBOpUX MaJli ceplieBy HENOCTATHICTb 3i 3HUXKEHOIO
¢pakuiero Bukuny JII. Bume3asHadeHi mamieHTH He
BiIPi3HSIMCS Bil KOHTPOJIBHOI TPYITM 3a CTaTTIO i BiKOM
(Tabm. 7).

AHatiz mapameTpiB Mojeseil CriagKoBOCTi MPOJAEMOH-
CTpyBaB, 1110 anenb A (A/G-A/A) nonimopdizmy Ser4d9Gly
reHa 3,-AP acoltitoeTbes i3 3MEHIIICHHSIM PU3UKY 3HIKCHHS
@B JIII <40 % y xBopux i3 CH (CIII = 0,43 (0,19—0,95),
p = 0,048 y nominantHiit moaeni Ta CLI = 0,42 (0,19—-0,93),
p = 0,033 y HanMipHO-IOMiIHAHTHIl MOJEJIi CaJKOBOCTI)
(Tab. 8).

Ta6bnuys 5. Yactotn anenei nonimopgpHoro nokycy Ser49Gly (c.145A>G) reHa f3,-AP

Mpynu
Anenb
XBopi i3 CH KoHTponb
G, n (%) 354 (88,1) 69 (80,2)
A, n (%) 48 (11,9) 17 (19,7)
G+An 402 86
¥ =3,759; p = 0,053

Ta6nuys 6. Yactotu reHotunis nosnimopgpHoro nokycy Ser49Gly (c.145A>G) reHa 3,-AP

Mpynu
FeHoTun
XBopi i3 CH (n = 201) KoHTponb (n = 43)
G/G, n (%) 155 (77,1) 26 (60,5)
G/A, n (%) 44 (21,9) 17 (39,5)
A/A, n (%) 2(1,0) 0

¥ =6,163; p = 0,046

Tabnuys 7. XapakTepucTuka KOHTPOJIbHOI rpynu Ta xsopux i3 CH 3i 3HmxeHoro ®B JILlI (n = 131)

Fpynn
MapameTpu Qi i 2w P
KoHTponbHa (n = 43) XBZPA(';’O/S'('I“'SSBB)"”J
Bik, poku 56,00 (52,00-65,00) 58,00 (54,00-67,00) 0,217
2KiHKK 16 (37,2 31 (85,2 .
Cratb, n (%) - ( ) ( ) %%é%
Yonosiku 27 (62,8) 57 (64,8) ’
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Ta6bnuys 8. Acouiayii nonimopdpiamis reHis B,- i B,-aapeHopeLenTopis 3 pusnkom 3HmxeHHs1 @B JILL

y xBopux i3 CH
XBopi i3 CH
Mogenb KoHTponbHa
e ] FeHoTUN rpyna, n (%) | _ 2043’/? ﬂl(l.‘l’/o) CLU (95% [Al) P IKA PXB
Monimopdcpiam Gly389Arg reHa §3,-AP
G/G 28 (65,1) 53 (60,2) 1,00
KopgomiHaHTHa G/C 11 (25,6) 27 (30,7) 1,30 (0,56-3,00) 0,83 171,5 180,1
C/C 4(9,3) 8(9,1) 1,06 (0,29-3,82)
] G/G 28 (65,1) 53 (60,2) 1,00
[omiHaHTHa 0,59 169,5 175,3
G/C-C/C 15 (34,9) 35 (39,8) 1,23 (0,58-2,63)
G/G-G/C 39 (90,7) 80 (90,9) 1,00
PeuecuBHa 0,97 169,8 175,6
C/C 4(9,3) 8 (9,1) 0,98 (0,28-3,44)
; G/G-C/C 32 (74,4 61 (69,3 1,00
Hap,MlpHo— ( ) ( ) 0,54 169,5 175,2
AOMIHaHTHa G/C 11 (25,6) 27 (30,7) 1,29 (0,57-2,93)
Nor-apgutnBHa - - - 1,12 (0,64—1,96) 0,7 169,7 175,4
Monimopdpiam Ser49Gly reHa (3,-AP
G/G 26 (60,5) 68 (77,3) 1,00
KogomiHaHTHa A/G 17 (39,5) 19 (21,6) 0,43 (0,19-0,95) 0,076 166,7 175,3
A/A 0 (0) 1(1,1) NA
] G/G 26 (60,5) 68 (77,3) 1,00
omiHaHTHa 0,048 165,9 171,7
A/G-A/A 17 (39,5) 20 (22,7) 0,43 (0,19-0,95)
G/G-A/G 43 (100) 87 (98,9) 1,00
PeuecuBHa 0,37 169,0 174,8
A/A 0 (0) 1(1,1) NA
; G/G-A/A 26 (60,5 69 (78,4 1,00
HaamipHo- (605) (78.4) 0,033 | 1653 | 171,1
AOMIHAHTHa AG 17 (39,5) 19 (21,6) 0,42 (0,19-0,93)
Jlor-agutnerHa - - - 0,51 (0,24-1,08) 0,078 166,7 172,5
Monimopdism GIn27Glu reHa B,-AP
C/C 19 (44,2) 42 (47,7) 1,00
KopgomiHaHTHa C/G 18 (41,9) 32 (36,4) 0,80 (0,36-1,78) 0,83 171,5 180,1
G/G 6 (13,9) 14 (15,9) 1,06 (0,35-3,17)
C/C 19 (44,2) 42 (47,7) 1,00
HdomiHaHTHa 0,70 169,7 175,4
C/G-G/G 24 (55,8) 46 (52,3) 0,87 (0,42—1,80)
C/C-C/G 37 (86) 74 (84,1) 1,00
PeuecrsHa 0,77 169,7 175,5
G/G 6 (13,9) 14 (15,9) 1,17 (0,41-3,28)
; C/C-G/G 25 (58,1 56 (63,6 1,00
HapmipHo- ( ) ( ) 0,54 169,5 175,2
AOMIHaHTHa C/G 18 (41,9) 32 (36,4) 0,79 (0,38-1,67)
Nor-aputneBHa - - - 0,97 (0,59-1,61) 0,91 169,8 175,6

Tabnuys 9. PisHoBara Xappgi — Bavin6epra ans nonimopcepiamy Ser49Gly reHa B,-AP y KOHTponbHiIv rpyni
Ta xBopux i3 CH 3i aHnxeHoro @B JILlI

. . FeHoTUNM Aneni
A G/G AG AIA G A .
Yei (n =131) 94 36 1 224 38 0,31
KoHTponbHa rpyna (n = 43) 26 17 0 69 17 0,18
XBopi i3 CH 3 ®B < 40 % (n = 88) 68 19 1 155 21 1
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He BusaBiaeHo BimxwmiaeHHS Bim piBHOBaru Xapmi —
Baita6epra mist moiimopdiszmy Ser49Gly reHa [3,-ampeHo-
petienTopis (Tabd. 9).

I1pu npoBenaeHHI MOPiBHSUILHOTO aHai3y PO3IOIiTy
yacToT ayeneil nmoaimopdizmy Serd9Gly rena B,-anpeHo-
peLenTopiB Mixk KOHTPOJILHOIO Ipynoo Ta xBopumu i3 CH
3i 3HMKeHowo @B JII BiporigiHMX 3aKOHOMIpHOCTE He
Oyso BusBieHO (Tadm. 10).

He BusiBieHO BipOoTiAHOI pi3HUILI 32 PO3MOILIOM YacCTOT
reHoTuMiB oiMopdHoro gokycy Ser49Gly reHa f3,-AP mix
KOHTPOJILHOIO rpymnoo Ta xsopumiu i3 CH 3i sHmxeHoo OB
JILI (ta6m. 11).

Ha nactynmHomy eramni xBopi i3 CH Oynu posnogineni
Ha aBi rpynu. Jlo mepiuoi yBiinuio 113 (56,2 %) naiieHTiB
3 ®B JIII > 40 %. dpyry rpymy ctaHoBwiu 88 (43,7 %)
xBopux 3 @B JIII <40 %. O6uasi rpynu 6yau MOpiBHAHHI
3a BiKOM Ta cTaTTio (Tadia. 12).

AHaJi3 mapaMeTpiB MoJeJIeil CITaIKOBOCTi BCTAHOBUB,
o pusuk 3HxeHHs @B JIII y xBopux i3 CH € Hrkuum
y HociiB aneni G nonimopdHoro sokycy GIn27Glu rena
B,-AP (CI = 0,52 (0,30—0,92), p = 0,025) (Tabx. 13).

He BusiBneHo BimxuneHHs Bin piBHOBaru Xapai — BaitH-
6epra st mosiiMopdisMy GIn27Glu (¢.79C>G) reHa f3,-AP
(Tabun. 14).

I1pu npoBeneHHI MOPiBHSLIBHOTO aHalli3y PO3TOIiTY
yactoT aneneit noaimopdizmy GIn27Glu (c.79C>G) rena
B,-AP mix rpymamu xBopux i3 CH 3amexno Bim @B JILL
BipOTiIHUX 3aKOHOMiIpHOCTE HE BUSBJIEHO. TakoX He
OyJIO BUSIBJIEHO BipOTiZHOI Pi3HUIII 32 PO3IIOIIJIOM YacTOT

reHOTHUIIiB mojiiMopdHoro nokycy GIn27Glu (¢.79C>G)
reHa f3,-AP Mix xBopumu i3 CH 3aiexXHo Bim BeTMUUHU
@B JILI.

O6roeopeHHs

CrorofHi B 6aratboxX KpaiHax CBITY IIPOBOISTHCS JOCITi-
JDKeHHST 3 BUBUEHHST MOJIEKY/ISIPHO-TeHETUUHUX (haKTOPiB
po3ButKy CH, momnyKy reHiB CXWIbHOCTI I aHAJIi3y, B3aEMO-
3B’SI13KY IXHiX MoJiMOp(di3MiB 3 pU3UKOM HECTIPUSITIMBOTO
nepe6iry [7], cnagkoBi (roxiMopdHi) BapiaHTH SIKKX ITOPiB-
HSTHO HE3HAYHO BIUIMBAIOTh Ha (DYHKIIiI0 KOJOBAHUX HUMU
6inkiB (bepmenTis). Ix dyHKLiOHYBaHHS cyMicHE 3 XKUT-
TSIM, ajie B TIOEAHAHHI 3 JIi€I0 HECTIPUSITIMBUX 30BHIIITHIX
¢akTopiB MOXe OYTH MPUYMHOIO Pi3HUX 3aXBOPIOBAHbL [7].

HaitgacTimme nmprnamHo0 BiIMiHHOCTEN Y CTPYKTYpi Te-
HiB € TOUKOBi MyTallil — 3aMiH/ MTOOAWHOKUX HYKJIEOTUIIB,
a0o0 Tak 3BaHUI MoAiMOP(i3M MOOAMHOKMX HYKJIEOTHUIIB
(single-nucleotide polymorphism, SNP). [1pu nopymieHHsIX
nepdy3ii XKUTTEBO BaXKJIMBUX OpraHiB abo 3a HEOOXiTHOCTI
MOCUJIEHOTO KPOBOTMOCTaYaHHSI, HATTPUKJIIA, TTif yac izny-
HOTO HABaHTAXXEHHS UM CTPECY, OPraHi3M pearye aKTuBalli-
ero cummnaToanpeHanoBoi cucteMu (CAC) [4]. 36inbeHHS
CEepIICBOTO BUKMITY BiOYBa€ThCsI BHACTIIOK aKTHBallii B-AP
Ha MemOpaHi KapaiomionutiB. CAC 3a0e3reuye aganTUuBHY
BiJIMTOBI/Ib CEPIIs HA J1i10 KOPOTKOYACHUX (TOCTPUX) MOTPeO
(rmopa3HuKiB), 110 BiAMOBIAA€E 3aKOHY «00OpOTHOA YU BTE-
ya» [4]. BomHoyac HagMipHa aKTHUBALIisI BiITIOBIMHOI pery-
JIATOPHOI CUCTEMM 32 YMOBH Jlii XPOHIYHOTO CTPECY MOXE
MPU3BECTH IO MATOJIOTIYHMX HACTIIKIB.

Tabnmys 10. Yactotu anenei nonimopdgpHoro nokycy Serd49Gly reHa B,-AP y KOHTPOIbHIN rpyni
Ta xBopux i3 CH 3i 3HnxeHoro ®B JILlI

Mpynu
Anenb
KoHTponbHa XBopi i3 CH 3 ®B JILU < 40 % (n = 88)
G, n (%) 69 (80,2) 155 (88,1)
A n (%) 17 (19,8) 21(11,9)
G+An 86 176

¥ = 2,860; p = 0,091

Ta6bnuys 11. Yactotu reHotunis nonimopgpHoro nokycy Ser49Gly reHa B,-AP y KOHTpoObHI rpyni
Ta xBopux i3 CH 3i 3HmxeHoro @B JIll, n (%)

pynu
FeHoTun
KoHTponbHa (n = 43) XBopi i3 ®B JIW < 40 % (n = 88)
G/G 26 (60,5) 68 (77,3)
A/G 17 (39,5) 19 (21,6)
A/A 0 1(1,1)
¥*=5,010; p = 0,082
Tabnuys 12. Xapakrtepuctuka rpyn xsopux i3 CH 3a sennunHoro @B JILU (n = 201)
®dpakuis sukuay Jill
MapameTpun 2 p
>40 (n=113) <40 % (n = 88)

Bik, poku 58,00 (53,50-67,50) 58,00 (54,00-67,00) 0,914

KiHKK 31 (27,4 31 (35,2 -
Crath, n (%) _ (27.4) (35.2) 1,40,

Yonosiku 82 (72,6) 57 (64,8) )
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Ta6nuys 13. Acouiauii nonimopgbiamis reHis B,- i B,-agpeHopeLenTopis 3 pU3NKoM 3H1xeHHs1 ®B JILLI
y xBopux i3 CH

Mogenb @B Jil @B Jill
CNaaKoBOCTi FeHoTun | 40%, n (%)|<40 %, n (%)| CW (95% Q) P IKA | PXB
Monimopdpiam Gly389Arg reHa B,-AP
G/G 68 (60,2) 53 (60,2) 1,00
KopowmiHaHTHa G/C 34 (30,1) 27 (30,7) 1,02 (0,55-1,89) 0,99 281,5 291,4
C/C 11(9,7) 8(9,1) 0,93 (0,35-2,48)
] G/G 68 (60,2) 53 (60,2) 1,00
[JomiHaHTHa 0,99 279,5 286,1
G/C-C/C 45 (39,8) 35 (39,8) 1,00 (0,56-1,76)
G/G-G/C 102 (90,3) 80 (90,9) 1,00
PeuecuBHa 0,88 279,5 286,1
C/C 11 (9,7) 8(9,1) 0,93 (0,36-2,41)
; G/G-C/C 79 (69,9 61 (69,3 1,00
HaaipHo- (69.9) (69,9) 093 | 2795 | 2861
AOMIHaHTHa G/C 34 (30,1) 27 (30,7) 1,03 (0,56-1,88)
Nor-apntnBHa - - - 0,98 (0,65-1,50) 0,94 279,5 286,1
Monimopdpiam Ser49Gly reHa B,-AP
G/G 87 (77) 68 (77,3) 1,00
KogomiHaHTHa A/G 25 (22,1) 19 (21,6) 0,97 (0,49-1,91) 0,98 281,5 291,4
A/A 1(0,9) 1(1,1) 1,28 (0,08-20,83)
] G/G 87 (77) 68 (77,3) 1,00
[JomiHaHTHa 0,96 279,5 286,1
A/G-A/A 26 (23) 20 (22,7) 0,98 (0,51-1,91)
G/G-A/G 112 (99,1) 87 (98,9) 1,00
PeuecnBHa 0,86 279,5 286,1
A/A 1(0,9) 1(1,1) 1,29 (0,08-20,88)
; G/G-A/A 88 (77,9 69 (78,4 1,00
HaaipHo- (77.9) (784) 093 | 2795 | 2861
AOMIHaHTHa AG 25 (22,1) 19 (21,6) 0,97 (0,49-1,90)
Nor-apntneBHa - - - 1,00 (0,54-1,86) 1 279,5 286,1
Monimopcpiam GIn27Glu reHa B,-AP
C/C 40 (35,4) 42 (47,7) 1,00
KopomiHaHTHa C/G 59 (52,2) 32 (36,4) 0,52 (0,28-0,95) 0,08 276,5 2914
G/G 14 (12,4) 14 (15,9) 0,95 (0,40-2,25)
, c/c 40 (35,4) 42 (47,7) 1,00
[omiHaHTHa 0,078 276,4 286,1
G/C-G/G 73 (64,6) 46 (52,3) 0,60 (0,34-1,06)
C/C-C/G 99 (87,6) 74 (84,1) 1,00
PeuecuBHa 0,48 279 286,1
G/G 14 (12,4) 14 (15,9) 1,34 (0,60-2,98)
; C/C-G/G 54 (47,8 56 (63,6 1,00
HapmipHo- (47.8) (63.6) 0,025 274,5 286,1
AOMIHAHTHa C/G 59 (52,2) 32 (36,4) 0,52 (0,30-0,92)
Nor-apntmneBHa - - - 0,83 (0,55-1,25) 0,37 278,7 286,1
Ta6bnuys 14. PiBHoBara Xappai — BaviH6epra ans nonimopgpiamy GIn27Glu (c.79C>G) reHa 3,-AP
y xBopux i3 CH 3 pisHoto @B Jill
flocsi . FeHoTunn Aneni
ocnipXyBaHi
y C/C C/G G/G C G P
Yci (n =201) 82 91 28 255 147 0,76
XBopi i3 CH3 ®B > 40 % (n=113) 40 59 14 139 87 0,33
XBopi i3 CH 3 ®B <40 % (n = 88) 42 32 14 116 60 0,10
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skl

st CH xapakTepHOIO pUCOIO € BUCOKA aKTHUBHICTh
CUMITaTOAIPEHAIIOBOI CUCTEeMU — 11 HacamIiepes, ITiJIBu -
IIeHHST KOHLIEHTpallil HopaapeHasliHy BHACIIIOK 0To I10-
CUJICHOTO BMBIUJIBHEHHS 3 MPECUHANITUYHUX TepMiHael
aKCOHIB, 1110 iHHEePBYIOTh ceplie. [1pu XpoHiuHiil akTuBaIlii
B-AP cepiie mpalrfoe B MOCUJICHOMY peXWMi — BimOyBa-
€TbCSI HaIMipHE 301UIbIIIEHHST YACTOTU I CUJIM CKOPOYEHb,
110 TIPU3BOJUTH 10 BUCHAXKEHHST METa0OJIIYHUX PE3EPBiB,
30KpeMa 3HMXKEHHSI CKOPOTJIMBOI 31aTHOCTI, Ta BPEITi —
1o mexomIieHcarlii xsopux i3 CH.

JiticHo, ekcripecist Ta ¢yHKIii B-AP xapmiomiouTiB
npu CH 3HaxoasiTbCs B AMHAMiIYHOMY MpPOLIECi, Ha SIKUIA
BIUIMBAE TeMOAMHAMIYHUI cTaTyC Ta eheKTH JiKyBaHHs [4].
B-AP — mapHi TpancMeMOpaHHi npoteinu. Ha cboroaHi
nobpe mociimkeni Tpu mintumu B-AP (B, B, i B;). BBaxa-
€ThCSI, 1110 1Ii PELENTOPU 3HAXOSThCS MPAKTUYHO Ha BCiX
KJIITUHAX opraHismy. ;- i B,-AP y BenuKiit KiTbKOCTi HasIBHi
Ha MeMOpaHax KapaiomionuTiB. Karexonaminu peaisyoThb
CBOI1 IMO3UTHUBHI iIHOTPOITHUIA, XpPOHO-, IPOMO-, 6ATMOTPOII-
Huii epexTr epeBaxHo depe3 B,-AP. [Tpu CH 3HMIXYETHCS
YYTJIMBICTb i KinbKicTh f,-AP, BogHouac exkcmnpecis 3,-AP
3aJIMILIAETHCA BiTHOCHO cTabinbpHOIO. [IpoTe pyHKITioOHATB-
Ha B3aemois [3,-AP 3 G-niporeiHaMu (BHYTPIIITbOKJTITHH-
HUI mocepenHuK B3aemonii AP Ta ageHinaTiukiasu) mnpu
CH 3HmxyeTbes [4].

3HalifeHo aBa rolurpeHi HecuHoHiMiuHi SNP y Hyk1eo-
tuaax 145 (A/G), uo npu3BOAUTH 10 KOAYBAaHHS aMiHO-
KUCIOT Ser (ocHOBHa aJiesib) abo Gly y 49-ii mo3akmiTHHHI
rociinoBHOCTI B,-AP, a mpu momiMopdisMi B HyKJI€OTH I
1165 (G/C) BindyBaeThcst KOMyBaHHSI 260 aMiHOKUCITOTH Arg
(ocHoBHa anenib), abo Gly y 389-i1 mociinoBHOCTI iHTpalie-
JIOJISIPHOT YACTUHU pelenTopa.

VY nocnimkeHHsIX Ha MofiessIX (piopo01acTiB KUTaChKUX
XOM’SIKiB i KJIITUH eMOpiOHAIbHOI HUPKH JTIOOAUHU BYCHUMU
He OyJIO BUSIBJIEHO BiJIMIHHOCTEH aroHicT-CTMMYJbOBaHOI
B3aeMofii 3,-AP 3 aneHiIaTIMKIIa3010 32 HASTBHOCTI iHILIOTO
nojiiMmopdizmy (Serd9 i Gly49) [13]. BogHouac iHiia rpyna
JIOCJiTHUKIB iH(pOPMYE Tpo 30iIbIIIEHHS 0a3aJIbHOI Ta CTU-
MyJibOoBaHOI akTUBHOCTI TAM® ripu mosrimopdizmi Gly49,
1110 OyJIO BUSIBIEHO Ha MOJEJi KJIITUH eMOpioHalbHOI HU-
pxu moauHu [8]. 3a maHuMu eneKTpodope3y B IMOTiaKpr-
JlaMiTHOMY reJii 0yJI0 BCTaHOBJIEHO, 110 pelentop Ser49
Ma€ 3MiHeHe IJ1iKO3yBaHHsS Ha BiIMiHY Bill peLieITOpiB 3
nosimopdizmom Gly49 [5]. OcKiabKy ITiKO3yBaHHS BITJIA-
Ba€ Ha apeiid peuenTopis, Ui AaHi MOXYTb MOSICHIOBATU
BiZIMiHHOCTI MiX 1XHbOIO uyTiuBicTIO [5]. Gly49 3MmiHIOE
denorun cepust npu CH BHaCHiIOK MiaABUILEHOT 31aTHO-
CTi IO TIOHVZKYIOYOI peTyJIsllii y BilllOBiaAbh HAa CTUMYJISIIIIO
(3HMKEHHST yyTIMBOCTI) [8].

Crparudikauisi xBopux 3a nojiimopdizmom y 49-my
nosioxkeHHi (Ser49Gly) rmokasana, 1110 TOMO3UTOTHI XBODi
(Ser49 — anenp A) Mmanu Bulli 3HaueHHs1 VO, NOpPiBHS-
Ho 3 Hocissmu Gly49 (romosuroru i rerepo3uroTu) [15].
V HamoMy nociimkeHHi TpoIeMOHCTPOBAHO, 110 ajeab A
romiMopdizmy Serd9Gly reHa f3,-agpeHOpeLenTopiB aco-
LHIOETHCS i3 3HUKEHHSIM PU3UKY PO3BUTKY CEPIIEBOI He-
nocratHocTi (CLI = 0,45; p = 0,029, nomiHaHTHA MOIEb
CMAaJAKOBOCTI) Ta 3HUXKEHHSM PU3UKY BEJIUUYMHU (ppakiiil
BUKMAY JiBoro nuryHouka < 40 % (CIL = 0,43; p = 0,048,
JIOMIHAHTHA MOJIEJIb).

I'en B,-AP moxamisyeTsest y xpomocomi 5q31_32. YV Toi
qac siK ,-AP tinbku aktuByoTh G-mipotein (Gs), B,-AP
TaKOXKX MOXYTb oro npurHidysatu (Gi), 3MeHIIYyI0YH IIPO-
nykuito TAM® [16]. 3nauymmmvu myTtauismu € Gly16Arg,
GIn27Glu, Val34Met i Thr1641le. Glyl6Arg i GIn27Glu
3HaXOSAThCS B MO3aKJITUHHIN YaCTUHI peuenTopa, y Tou
yac g1k Thr164lle — Ha TpaHCMeMOpaHHOMY IOMEHI, a
Val34Met € pigKicHOIO MYTalli€l0 B IIePIIOMY TpaHCMEMO-
paHHOMY TopTaTbHOMY goMeHi. [Tporopirist mamux 3,-AP
roiMopdi3mMiB y monyssii Burismae tak: Argl6, Glu7,
Ile164 — 39, 43 % i meH1Ie 3a 5 % BiAMOBIAHO, 3 PIAKICHOIO
yacTtkoio Met34 [16]. lng geskux nmoxiMopdi3Mis mokasa-
Ha MiXeTHiuHa BapiabesbHicTh y yactori anesneit: GIn27Glu
y €BPOTICHIIIB 3ycTpiyaeThes 3 YacToToro 35 %, y abhpoame-
pukaHuiB — 21 %, y kutaiiuiB — 7 %. OQHOHYKJIEOTUIHA
3aMiHa uuto3uHy (C) Ha ryaHiH (G) y rojoxeHHi 79 reHa
,-AP mpusBoauTh 1o 3aminu rmoTaminy (Gln) Ha roroTa-
MiHoBYy kucioty (Glu) y 2-my KomoHi (rs1042714) [16].
Anenb C Ha3MBA€ETHCS a0 «IMKOI0» TUITY, OCKiJIbKI
HalyacTilie 3ycTpiyaeThCs B MOIYJISILIL, a ajesib IIoTaMi-
HOBOI KUCJIOTH 3YCTPiYa€ThCsl pijillie, TOMY Ha3UBAETHCS
myTtaHTHow0. Yactka aneneir C i G y 3arajibHiil MOMyJIsIiIii
ctanoBuTh 0,55/0,45 BignosigHo [16, 17]. JocrimkeHHs
MIPOAEMOHCTPYBaIN, 110 1Ieii MoaiMopdi3M TiCHO MOB’sI-
3aHMH i3 YYTJMBICTIO JAHOTO pelenTopa 10 MOHUXYHUOl
perynsii. [lependavaerncest, 1o aneiab Glu27 mae Gitbliny
CTIMKICTh 1O MOHUXYIOUOI Peryysiii, HixX aneilb «IUKO-
ro» TUIY, OCKiJILKM BOHA BUKJIMKAE 3MiHU B KOH(OpMaLIil
B,-AP. 3a maHumu miTepatypu, acollialis moaiMopdizmy
GIn27Glu B,-AP 3 kniniunum nepedirom CH nocuts He-
OIIHO3HAYHa.

[Tin yac nocnimKeHHs TOIepPaHTHOCTI 10 (i3UIHUX Ha-
BaHTaXXeHb Y MallieHTiB 3 KomrneHcoBaHow CH BusiBicHO,
1o xBopi 3 Argl6/Glu27 manu GibIITy BUTPUBAIICTD TTO-
piBHsTHO 3 Tpymnolo i3 Glil6/GIn27 noximMopdizmom. Boru
TaKOX 3BEpHYJIM yBary, 110 3HUKEHHS TOJIEPaHTHOCTI 10
(diznyHuX BIpaB 3aBXau nepenye nekommneHcauii CH.
Hocninnvku BuB4anu noiiMmopdism B,-AP i B,-AP 5” LC
Argl9Cys y XxBOpuX 3 ilionaTHYHOO AUIaTallifHO Kap-
niomionariero. Y xoni aHaji3y 0yJ0 BUSIBJIEHO, 110 IOJi-
Mopdizmu B,-AP Argl6 i GIn27 moxyTs OyTH TTOB’s13aHi 3
HU3bKUM pu3nuKkoM po3BuTKy CH. Y Toii ke yac iHIIi BUeHi
npocaigunm 256 punankis CH, 3BepTaioun yBary Ha moti-
Mopdizmu B,-AP Arg389Gly, B,-AP Argl6Gly i GIn27Glu,
ajie He 3HanuIM 3HauyHoi Kopesiii i3 CH [1]. ¥V nBox no-
CITIIDKEHHSIX BUBYABCS BIUIUB MOiMopdi3miB reHa 3,-AP
Ha pU3UK PO3BUTKY i nporpecyBaHHsi CH. B itaniiicbkkoMy
JIociakeHHi 0yo BkoueHo 236 xsopux 3 CH i 230 310-
poBuX 100poBobILiB. He Oy/10 BUsIBIEHO acomialiii Mixx
nosrimopdizmamu Argl6Gly, GIn27Glu i mepe6irom CH [1].
[H11a Tpyna qocimiHMKIB MOBiTOMMUIIA PO Pe3ybTaTh paH-
JIOMi30BaHOTrO AOCiIXKEHHS 3 BKIIOYEHHSIM XBOPUX 3 illle-
MIYHOIO Ta ifionaTnYHOI Kapaiomionarier. He Oyo BusiB-
JIEHO BIUTMBY moiMopdizmy 16 i 27 reHa B,-AP Ha pusuk
PpO3BUTKY i1 ocobmuBocTi repediry CH [18].

BucHoBKM

Pu3uk po3BUTKY ceplieBoi HEAOCTATHOCTI Ta il peHOTHII
ACOII0ETHCS 3 TECHETUYHUMM BiAMiHHOCTSIMU P-aapeHo-
peLeITOopIB.
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Anenb A momimopdizmy Serd9Gly rena [,-anpeHo-
PeLIeNTOPIB aCOLIIOETHCS 3i BHUKEHHSIM PU3UKY PO3BUTKY
cepueBoi HegocTaTHOCTI (CIL = 0,45; p = 0,029, nomiHaHT-
Ha MOJIeJTb CITaIKOBOCTI) Ta 3HMKEHHSIM BEJIMUYMHU (hpaKilil
BUKMIY JiBoro nutyHouka < 40 % (CIL = 0,43; p = 0,048,
JMOMiHAHTHA MOJIEJIb CITaIKOBOCTI).

Pu3zuk 3HMKeHHs ¢dpakliiii BUKUIY JiBOrO IILIYHOYKa
Y XBOPUX i3 CEpLIeBOIO0 HEAOCTATHICTIO € HIDKYMUM y HOCIiB
aneri G nomiMopdHoro Jokycy GIn27Glu reHa B,-anpeHo-
peuenTopi (CLI = 0,52, p = 0,025, HagMipHO-IOMiHAHTHA
MOJIEJb CITAIKOBOCTI).

KonduikT inTepeciB. ABTOp 3asiBJISIE PO BiICYTHICTh
KOHIIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3al1iKaBJIEHOCTI
MPU IiATOTOBIIi TaHOI CTATTi.
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Association of B,- and B,-adrenergic receptor gene polymorphisms
with the risk of heart failure in patients with type 2 diabetes mellitus

Abstract. Background. Heart failure (HF) is the most common
cause of hospitalization and mortality in patients with cardiovascular
diseases. It is known that concomitant diseases and the dynamics of
some biomarkers, hormones and genetic factors are associated with
the course of HF and its progression. Gene polymorphisms of f3,-
and f,-adrenergic receptors (,- and §,-~AR) probably play an im-
portant role in the occurrence, progression of HF and the formation
of response to therapy with 3-adrenergic blockers. Conducting a
comprehensive analysis can add arguments in favor of a cause-and-
effect relationship between polymorphisms and disease phenotypes.
This encourages new research in this direction. The purpose was to
study the correlation between 3,- and f3,-adrenergic receptor gene
polymorphisms and the risk of developing heart failure. Materials
and methods. Two hundred and one patients with HF on the back-
ground of post-infarction cardiosclerosis were included. Control
group consisted of 43 healthy persons of comparable age and sex.
Genotyping was carried out for 3 polymorphisms (Gly389Arg of
the B,-AR gene, Ser49Gly of the ,-AR gene, GIn27Glu of the f,-
AR gene) using the polymerase chain reaction. Echocardiography
was performed. Statistical analysis was done using SPSS and SN-
PStats programs. Results. The A allele (A/G-A/A) of the Ser49Gly
polymorphism of the 3,-AR gene is associated with a reduced risk
of heart failure (odds ratio (OR) = 0.45 (0.23—0.91), p = 0.029,
dominant model of inheritance). Data on a decreased risk of HF in
the presence of the A allele of the Ser49Gly polymorphism of the
B,-AR gene are also confirmed in codominant (OR = 0.43 (0.22—
0.87), p=10.048), overdominant (OR = 0.43 (0.21-0.86), p =0.02)
and log-additive (OR = 0.51 (0.27—0.99), p = 0.051) inheritance

models. During a comparative analysis of the distribution of the
Ser49Gly (c.145A>G) polymorphism alleles of the ,-AR gene,
a tendency towards a decrease in the frequency of the A allele in
patients with HF was revealed compared to the control group (11.9
against 19.7 %, respectively; x> = 3.759; p = 0.053). Among patients
with HE, a heterozygous genotype (G/A) occurred in 21.9 % of cases
against 39.5 % in the control group (x> = 6.163; p = 0.046). The
A allele (A/G-A/A) of the Ser49Gly polymorphism of the ,-AR
gene is associated with a decreased risk of reduced left ventricular
ejection fraction <40 % (OR = 0.43 (0.19—0.95), p = 0.048 in the
dominant model, and OR = 0.42 (0.19—0.93), p = 0.033 in the
overdominant model of inheritance). The risk of a decrease in left
ventricular ejection fraction among patients with HF is lower among
carriers of the G allele of the GIn27Glu polymorphic locus of the
B,-AR gene (OR = 0.52 (0.30—0.92), p = 0.025). Conclusions. The
risk of developing heart failure and its phenotype are associated with
genetic differences in B-adrenergic receptors. The A allele of the
Ser49Gly polymorphism of the ,-adrenergic receptor gene is as-
sociated with a reduced risk of developing heart failure (OR = 0.45;
p = 0.029, dominant model of inheritance), and a decrease in the
left ventricular ejection fraction <40 % (OR = 0.43; p = 0.048 in the
dominant model). The risk of reduced left ventricular ejection frac-
tion in patients with heart failure is lower in carriers of the G allele
of the GIn27Glu polymorphic locus of the f,-adrenergic receptor
gene (OR =0.52, p = 0.025, overdominant inheritance model).
Keywords: type 2 diabetes; B,-adrenergic receptors; B,-adrenergic
receptors; heart failure; polymorphism; gene; left ventricular ejec-
tion fraction
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Errors in the diagnosis of types of diabetes mellitus:
causes and prevention strategies
(literature review and own research results)

Abstract. The article provides current information regarding medical errors in diagnosing diabetes mellitus (DM),
analyzes their factors, and outlines preventive measures. The causes of the most common diagnostic errors in
diabetology include limited access to quality healthcare, insufficient training and number of qualified personnel,
low quality of teamwork and medical information exchange, inadequate availability of diagnostic tests, poor coor-
dination of care and follow-up, lack of medical informatics resources, human factors, and cognitive biases (such
as misidentification of DM and its type, incorrect context creation, overestimation/underestimation of incidental
findings, premature termination of the diagnostic process, and lack of knowledge and skills in diabetology). The
most typical diagnostic discrepancies involve misidentifying type 1 DM (including latent autoimmune diabetes in
adults), type 2 DM, and other specific types of DM. This is due to the increasing heterogeneity of DM, blurring of
the boundaries between its types, atypical disease course, the decreased diagnostic value of the essential criteria
for DM types (age, presence of metabolic syndrome signs, ketosis, dependency on insulin therapy), presence of
comorbid conditions, and limited availability of diagnostic tests to specify the type of diabetes. To optimize diagnosis
and prevent diagnostic errors, we have developed a Telegram bot DiaType based on a multilevel algorithm for the
differential diagnosis of various types of DM. The testing of this Telegram bot has shown its high effectiveness in
identifying DM variants. The advantages of DiaType include accessibility, interactivity, accuracy, and support for
medical professionals, which helps improve diagnostic efficiency, simplify the diagnostic process, especially for
primary care physicians, prevent diagnostic errors, and, consequently, improve treatment outcomes.

Keywords: diabetes mellitus; types; heterogeneity; diagnosis; medical errors; informational technologies; chatbot

Introduction

Diagnosis is one of the primary competencies of practical
doctors. Establishing an accurate diagnosis is critically essen-
tial for selecting the best treatment for the patient. However,
medical diagnostic errors, particularly in diabetology, occur fre-
quently and can have severe consequences for patients’ health.
Inaccurate or untimely diagnosis is one of most significant safe-
ty issues of modern healthcare and causes the greatest harm [1].

Diagnostic errors are quite common, and most people
worldwide encounter them to some extent during their life-
time [2]. According to research, approximately 5 % of adults
in high-income countries experience diagnostic errors at the
outpatient stage each year, more than half of which can cause
serious harm [3].

According to a report by the National Academy of
Sciences, Engineering, and Medicine of the United States,
diagnostic errors are a serious public health issue, some-
times with devastating consequences [4]. Incorrect or un-
timely diagnosis causes more serious harm to patients than
any other type of medical error: in the US hospitals alone,
it leads to the deaths of 40,000 to 80,000 people each year.
Diagnostic errors affect over 12 million Americans annually
and can cause serious harm to at least one-third of them,
surpassing all other causes of harm from medical errors
combined. In low- and middle-income countries, even
more significant problems may arise due to limited access
to diagnostic tests, a shortage of qualified primary care or
specialist physicians, and a lack of medical record-keeping
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systems. These factors can lead to a higher frequency of
diagnostic errors [3].

Recently, there has been an increase in the diversity of di-
abetes mellitus (DM) manifestations, complicating the clear
delineation of its forms. The disease increasingly presents
in atypical variations, leading to a decrease in the relevance
of traditional diagnostic criteria for DM types, such as the
patient’s age, presence of metabolic syndrome, insulin de-
pendence, etc. There is an underdiagnosis of other specific
types of diabetes. The situation is further complicated by the
limited availability of diagnostic tests to clarify the type of
DM. This leads to errors in diagnosing DM types and incor-
rect patient management strategies [5—7].

According to the modern classification proposed by the
American Diabetes Association (ADA), there are four classes
of DM based on etiology [8]:

— type 1 diabetes mellitus (T1DM). This type is caused
by autoimmune destruction of the B-cells in the pancreas,
usually leading to an absolute insulin deficiency. It also in-
cludes latent autoimmune diabetes in adults (LADA);

— type 2 diabetes mellitus (T2DM). This type is chara-
cterized by a gradual loss of adequate insulin secretion by
B-cells against a background of insulin resistance;

— specific types of diabetes mellitus. These types arise
from other causes, such as monogenic diabetes syndromes
(neonatal diabetes and maturity-onset diabetes of the young
(MODY)), exocrine pancreas diseases (cystic fibrosis, pan-
creatitis), and drug- or chemical-induced diabetes (from
glucocorticoid use, HIV/AIDS treatment, or organ trans-
plantation);

— gestational diabetes mellitus. This type is diagnosed
during the second or third trimester of pregnancy and was
not present before gestation.

Traditional views of TIDM and T2DM, where the former
is associated with children and the latter with adults, have lost
relevance, as both types of the disease are diagnosed across
different age groups. In adults, the onset of TIDM can be
more varied: they may not exhibit the classic symptoms seen
in children and sometimes may even experience temporary
remission without the need for insulin administration [9].
Sometimes, patients with T2DM can also develop diabetic
ketoacidosis and other complications [10].

Experts from the ADA note that classifying diabetes mel-
litus by type can be complex, and incorrect diagnoses are of-
ten made in the early stages of treatment. For example, adults
with TIDM may be mistakenly diagnosed with T2DM, and
MODY in mature individuals is frequently misclassified as
T1DM [8]. Incorrect diagnosis can have severe consequences
for patients. Treatment that does not correspond to the actual
type of DM can lead to ineffective blood glucose control,
development of complications, and deterioration in quality
of life. All of this underscores the need to develop approaches
to improve the quality of diagnosis in diabetology.

Diagnostic errors

Diagnosis typically occurs over some time and involves
initial assessment, performance and interpretation of diag-
nostic tests, ongoing monitoring, tracking of diagnostic
information, communication and coordination related to
referrals, as well as patient behavior and compliance. Diag-

nostic errors can occur at each of these stages [11]. Diag-
nostic errors are the inability to provide accurate and timely
explanations of a patient’s health problems or to communi-
cate these explanations to the patient [12]. They are conside-
red missed opportunities to establish the correct or timely
diagnosis based on available evidence, which can be caused
by cognitive or systemic factors or their combination [13].
Types of diagnostic errors. A diagnostic error occurs
when: 1) a diagnosis is not established; 2) a diagnosis is es-
tablished, but not on time; 3) a diagnosis is established, but
is incorrect [14]. Indeed, diseases can be missed (diabetes
mellitus not detected despite symptoms), misdiagnosed (in-
forming a patient of one type of diabetes mellitus when there
is evidence for another), or diagnosed untimely (not telling
a patient of test results indicating diabetes mellitus). It’s also
possible to have a combination of these situations [4].
Causes of diagnostic errors. Accurate and timely diag-
nosis depends on various factors, including the knowledge,
experience, and skills of medical personnel and the availa-
bility of resources. It is a high-risk area for medical errors,
especially among primary care physicians who typically treat
many patients. The conditions they encounter often have
complex clinical presentations, making diagnosis challenging
[15]. Additionally, physicians may have limited experience
regarding rare pathologies or unusual presentations of disea-
ses, and there may be variability in access to diagnostic tests.

Overall factors

Many reasons can contribute to the occurrence of diag-
nostic errors [1].

Access to quality primary healthcare. Limited access to
primary and specialized healthcare can be due to financial
difficulties, distance from medical facilities, low levels of
health literacy, transportation issues, or a shortage of medi-
cal facilities. This can lead to underdiagnosis and incorrect
diagnosis of DM.

Availability of healthcare workers and specialists. Insuffi-
cient number of qualified healthcare workers may be related
to a lack of training, migration of medical personnel, or ad-
verse working conditions. A limited number or low quality of
specialists in the field of diabetology can contribute to errors
in the diagnosis and treatment of diabetes.

Teamwork. Poor quality teamwork, lack of training, and
lack of feedback after errors can negatively impact the diag-
nostic process. This can lead to misinterpretation of diabetes
symptoms and incorrect diagnosis.

Availability of diagnostic tests. Limited volume, availabi-
lity, or quality of diagnostic tests, such as blood glucose tests,
glycated hemoglobin (HbAc) tests, and other specific tests,
can complicate the accurate diagnosis of DM.

Communication. Low levels of medical information ex-
change among healthcare workers can lead to incomplete
or incorrect interpretation of patient data, complicating the
correct diagnosis of diabetes.

Care coordination. Delays in consultations, loss of test
results, and absence of medical records can hinder the timely
and accurate diagnosis of diabetes.

Follow-up care. Limited follow-up care for patients reduces
the ability to adjust the diagnosis and treatment of DM based
on changes in the patient’s condition or new test results.
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Access to healthcare. Inaccessibility of healthcare or lack
of other basic needs, such as food or housing, can lead to
missed diagnostic opportunities and complications in pa-
tients with diabetes.

Medical staff training. Inadequate training of healthcare
professionals in diabetology and deficiencies in certification
and licensing can contribute to diagnostic errors when deter-
mining the type of diabetes.

Abvailability of medical informatics resources. Lack of ac-
cess to medical informatics resources, including the internet,
especially in remote areas, and issues with accessing medical
information can limit physicians’ knowledge and opportuni-
ties for correct diagnosis of diabetes.

Culture. Culture plays a significant role in the occurrence
of diagnostic errors as it influences the perception, interpre-
tation, and evaluation of information. Cultural differences
can lead to misinterpretation of symptoms, incorrect inter-
pretation of behavior, or deviations from norms, resulting in
errors in diagnosis and treatment. Additionally, cultural per-
ceptions of normalcy and pathology may vary, necessitating
consideration of cultural contexts in diagnosis.

Human factors and cognitive issues. Work environments
prone to distractions, interruptions, and lack of information
organization can lead to diagnostic errors. This is especially
critical in cases of diabetes, where diagnostic accuracy is
crucial for further treatment.

Diabetes-specific factors

Diagnosing different types of diabetes is a complex and
critical task in medicine. Incorrect diagnosis can lead to
inadequate treatment, worsening the patient’s condition.
Each type of diabetes has its characteristics and requires
a specific approach to treatment. However, several factors
can contribute to errors in diagnosing these types of dia-
betes [17].

Genetic and epigenetic factors. Genetic mutations and
epigenetic changes can affect gene expression, leading to
various forms of diabetes. For instance, monogenic forms
of diabetes are often misdiagnosed as T1DM or T2DM due
to symptom similarity. This happens because of insufficient
awareness and testing for rare genetic mutations.

Behavioral and environmental factors. Behavioral factors,
such as diet and physical activity levels, as well as environ-
mental influences, can significantly alter the manifestations
of diabetes. For example, poor diet and a sedentary lifestyle
can contribute to the development of T2DM, but in some
cases, these factors can mask the symptoms of TIDM, es-
pecially in adults.

Comorbidities. Comorbid conditions, such as chronic
pancreatitis or pancreatic cancer, can lead to type 3c di-
abetes (pancreatogenic diabetes). This type of diabetes is
often misdiagnosed as TIDM or T2DM because the clinical
manifestations can be similar, though the disease’s etiology
is different.

Technical errors in diagnosis. Technical errors include di-
agnostic approaches (lack of clear protocols or the use of out-
dated methods can cause misdiagnosis), observer errors (sub-
jectivity of the doctor, inexperience, or failure to consider all
symptoms can lead to mistakes), analytical errors (incorrectly
conducted tests or technical equipment failures), and sto-

chastic errors (random errors that occur during the diagnostic
process). For example, incorrectly performed laboratory tests
or errors in interpreting results can lead to a false diagnosis.

Role of cognitive biases

In today’s world, the study of cognitive biases — un-
conscious errors in human thinking that occur when pro-
cessing and interpreting information and affect subsequent
decision-making — is becoming increasingly popular. They
account for 74 % of all errors [ 18] and mainly arise due to in-
correct synthesis, data collection, and erroneous knowledge.
Clinical thinking is the process of analysis and decision-
making in the medical field. In other words, the physician
can conclude and make decisions based on available infor-
mation to achieve the best outcomes for the patient [19].

According to a recent prospective international study,
seven of the most common medical errors and cognitive
biases in the field of endocrinology have been identified:
incorrect identification of nosology, improper context crea-
tion with omission of important information, premature
closure of the diagnostic process, lack of knowledge in a
specific medical area, erroneous triggering, overestimation
or underestimation of data, and lack of diagnostic skills [20].

Incorrect identification. This error occurs when a doctor
mistakenly identifies one type of diabetes as another, e.g.,
T2DM as T1DM or vice versa. It can happen due to similar
clinical signs and symptoms, such as elevated blood glucose
levels.

Improper context creation. In this case, the doctor con-
siders important clinical signs like hyperglycemia or family
history, but fails to account for specific test results (C-peptide
levels or antibodies to islet antigens). This leads to an incor-
rect diagnosis because the data collection was completed, but
the interpretation was inaccurate.

Premature closure. The error of premature closure occurs
when a doctor does not verify all necessary diagnostic data
and makes conclusions based solely on initial symptoms
or history. For example, if a patient has symptoms of hy-
perglycemia, but the doctor does not conduct additional
tests to determine the type of diabetes, the diagnosis may be
incorrect.

Lack of knowledge. This type of error occurs when a doc-
tor does not know which test results are pathological for
different types of diabetes. For instance, a doctor might not
know that a low C-peptide level indicates TIDM, but it is
also characteristic of MODY and pancreatogenic diabetes,
leading to incorrect interpretation of results.

Erroneous triggering. This error occurs when a doctor
reviews all critical information and correctly interprets di-
agnostic tests, but still makes an incorrect diagnosis. For
example, a doctor might correctly identify the absence of
autoimmune markers, but, due to other factors, mistakenly
diagnose T2DM instead of MODY.

Overestimation/underestimation. A doctor gives excessive
importance to a particular finding, such as the presence of
ketosis, and makes a diagnosis of T1DM based on it. Alter-
natively, the doctor might underestimate a vital sign, like an
average C-peptide level.

Lack of diagnostic skills. This error occurs when a doctor
incorrectly interprets the results of technical examinations,
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including laboratory tests. For example, a doctor might miss
important signs of pancreatogenic diabetes.

The authors note that although errors in clinical rea-
soning continue to be a prevalent issue, frequently due to
deficiencies in knowledge and skills, other common mistakes
in communicating test results and conducting follow-ups
necessitate distinct strategies for improvement, such as up-
grading technological systems [16].

Errors can arise when minor clinical symptoms of a di-
sease are missed or ignored at the primary level. These errors
can significantly impact the accurate diagnosis of diabetes
types, leading to incorrect treatment and complications. To
reduce the number of such errors, it is necessary to improve
diagnostic methods, increase doctors’ awareness, and provide
them with the necessary knowledge and skills.

Diabetes heterogeneity as a factor
in diagnostic errors

As noted earlier, there has been an increase in the hetero-
geneity of DM, which has blurred the lines between its types.
The disease increasingly presents atypically, reducing the
relevance of traditional diagnostic criteria for diabetes types.

The most pressing diagnostic issue in diabetology is dis-
tinguishing between T1DM and T2DM. These two catego-
ries have different etiologies and require different treatment
methods. Diagnosis is complicated because TIDM and
T2DM are not homogeneous, and “gold standard” diagnos-
tic criteria are not universally accepted. Problems arise when
clinical signs do not match expectations (for example, young
patients with obesity or older patients with average weight, or
patients with rare diabetes subtypes) [22].

Combinations of different types of diabetes (double or even
triple) are also becoming more common. In the 2019 classi-
fication by the World Health Organization, they are referred
to as “hybrid” forms of diabetes [23]. These atypical variants
of diabetes can be challenging to diagnose and treat, as their
clinical presentation can be highly diverse and variable. The
most notable example of “hybrid” diabetes is LADA, which is
characterized by a less active autoimmune process and a wide
range of clinical signs compared to classical TIDM and can
exhibit features of both major types of diabetes [24, 25].

Various pathophysiological processes contributing to the
risk and progression of diabetes, with variable relative im-
portance in each individual, define the phenotype and can
be used for therapy [26]. The threshold hypothesis posits
that the clinical manifestation of diabetes develops when the
combined influence of genetic and environmental factors
exceeds a certain threshold. These models can be integrated
to understand the combined effect and interaction of various
diabetes risk factors in different individuals, supporting the
search for endotypes that help clarify the heterogeneity with-
in diabetes types and optimize therapeutic approaches [27].

Genetic factors and environmental influences, along with
their interactions, affect numerous mechanisms (autoim-
munity, beta-cell mass reduction, insulin secretion defects,
inflammation, healthcare barriers) that can variously con-
tribute to the development and progression of diabetes in
each patient. This individual variability leads to heterogene-
ity within and between diabetes types (e.g., very early-onset
T1DM, LADA) [5].

Given the newly disclosed aspects of pathophysiology
and clinical manifestations of carbohydrate metabolism dis-
orders, some researchers have proposed a new diabetes clas-
sification based on clustering by different features.

Based on leading characteristics, such as age at disease
manifestation, body mass index (BMI), presence of glu-
tamic acid decarboxylase (GAD) autoantibodies, glyca-
ted hemoglobin (HbAlc) levels, insulin resistance index
(HOMAZ2-IR), and basal beta-cell secretion (HOMA2-p),
five clusters of this disease have been proposed: severe auto-
immune diabetes (SAID), severe insulin-deficient diabe-
tes (SIDD), severe insulin-resistant diabetes (SIRD), mild
obesity-related diabetes, and mild age-related diabetes [28].

The first cluster (SAID) includes young patients with low
BMLI, poor glycemic control, high titers of GAD autoantibodies,
high HbAlc levels, and a significant decrease in the HOMA2-f3.
In the World Health Organization classification, SAID corre-
sponds to TIDM. The second cluster (SIDD) is similar to the
first in characteristics, but without GAD autoantibodies. Pa-
tients with SAID and SIDD are prone to complications, such as
ketoacidosis and diabetic retinopathy. The third cluster (SIRD)
comprises individuals with high BMI and HOMA2-IR, often
diagnosed with reduced glomerular filtration rate, increasing
the risk of developing microalbuminuria and chronic kidney
disease. Patients with SIRD also have a higher frequency of
non-alcoholic fatty liver disease. The fourth cluster (mild obe-
sity-related diabetes) consists of individuals with high BMI, a
moderate increase in the HOMA2-IR, and a slight decrease in
the HOMAZ2-. The fifth cluster (mild age-related diabetes)
includes elderly patients with stable diabetes course and normal
HOMAZ2-IR. Such a precise approach allows for the timely
prescription of pathogenetic treatment and predicting the de-
velopment of chronic diabetes complications [28, 29].

Atypical forms of diabetes

Atypical presentations are increasingly recognized as sig-
nificant contributors to diagnostic errors. Many patients may
have a form of diabetes that does not quite fit the diagnosis
of TIDM or T2DM. The discovery and description of these
variants of “atypical diabetes” significantly contributed to
understanding the basic biology governing insulin secretion,
insulin resistance, and islet autoimmunity. Atypical diabetes
is suspected in individuals who do not clearly fit the current
criteria of TIDM, T2DM or secondary diabetes. In this re-
gard, endotypes have been proposed, where patients with
diabetes can be clustered based on similar clinical or mole-
cular-genetic mechanisms [30].

The Rare and Atypical Diabetes Network has been de-
veloped to characterize unusual subtypes of diabetes and
identify new mechanisms or causal pathways that can be used
for prevention or treatment [31].

According to scientists, the analysis will help improve the
means of identifying atypical diabetes. Genetic sequencing
can reveal new variants, while metabolomic and transcrip-
tomic analysis can identify new mechanisms and biomar-
kers of atypical disease. The main forms of atypical diabetes
known at the moment are [32]:

— monogenic diabetes. Diabetes caused by a mutation in
a single gene. It is often found in children and young adults
and has various forms, including MODY;
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— syndromic diabetes. Diabetes that is part of a genetic
syndrome, which includes other physical or mental anoma-
lies, such as Wolfram syndrome or Beckwith-Wiedemann
syndrome;

— mitochondrial diabetes. Arises from mutations in mi-
tochondrial DNA, often associated with other symptoms,
such as deafness;

— lipodystrophies. Rare disorders where fat tissue is ab-
sent or improperly distributed, leading to insulin resistance
and diabetes;

— insulin resistance syndromes. A group of disorders
when tissues become less sensitive to insulin, leading to ele-
vated blood glucose levels. Examples include polycystic ovary
syndrome and Cushing’s syndrome;

— ketosis-prone diabetes with positive antibodies and
preserved B-cell function;

— ketosis-prone diabetes with negative antibodies and
preserved -cell function;

— ketosis-prone diabetes with negative antibodies and
lost B-cell function;

— pancreatogenic diabetes. Diabetes that arises from
diseases of the pancreas, such as chronic pancreatitis, pan-
creatic cancer, or after pancreatectomy;

— fulminant diabetes. A rare form of diabetes characteri-
zed by sudden and very rapid development of hyperglycemia
and ketosis with complete loss of B-cell function;

— LADA. Slowly progressing autoimmune diabetes in
adults, often initially diagnosed as T2DM;

— slowly progressing autoimmune diabetes. A form of
T1DM that develops slowly and may manifest in adulthood,
but has an autoimmune nature;

— insulin-deficient diabetes without obesity. Diabetes
that develops in individuals with normal or insufficient body
mass, but with insulin deficiency.

It is expected that the assessment of different endotypes
associated with atypical diabetes will increase the accuracy of
diagnosis and facilitate making targeted treatment decisions.

Ways to prevent diagnostic errors

To prevent diagnostic errors, the ADA and the EASD
have developed a new approach called precision diabetolo-
gy, which aims to explore new opportunities to improve the
diagnosis of diabetes [17, 33].

Precision diagnosis. Precision diabetic medicine is an
approach to optimize the diagnosis, prognosis, prevention,
or treatment of diabetes by integrating multidimensional data
while considering individual differences. Precision diagnosis
involves refining the characterization of the diabetes diag-
nosis for therapeutic optimization or improving prognostic
clarity using information about the individual’s unique bio-
logy, environment, and/or context. Accurate diagnosis may
include classifying the diagnosis into subtypes, as in case of
MODY, or using probabilistic algorithms to refine the diag-
nosis without categorization [34].

A thorough diagnosis is often necessary for successful
precise therapy for prevention and treatment. Accurate di-
agnosis can be conceptualized as a process rather than a
single step. The stages of diagnosis include: 1) prevalence
assessment based on epidemiology, including age or age at
diabetes diagnosis, gender, and ethnicity; 2) probability based

on clinical features; 3) diagnostic tests interpreted in light
of the first two stages. Diagnosis in precision medicine is a
probability-based decision, typically made at a specific point
in the natural course of the disease and is neither an absolute
truth nor a permanent state [33].

Other necessary measures to avoid diagnostic errors in-
clude [7, 35, 36]:

— increasing physicians’ awareness of different types of
diabetes and their specific manifestations;

— utilizing modern diagnostic methods involves imple-
menting new genetic tests and improved laboratory tech-
niques;

— developing clear protocols, including establishing
standards for diagnosing and treating different types of di-
abetes;

— adopting a multimodal approach, which involves
using a combination of clinical, laboratory, and genetic data
for precise determination of diabetes type.

Leveraging information technologies. Recently, there has
been extensive discussion about the potential use of informa-
tion technologies (IT) in diabetology, particularly to avoid
diagnostic errors in diabetes typing.

Scientists highlight the main directions for using IT to
help prevent diagnostic errors [37].

Facilitating information gathering. Information systems
provide access to previous medical records and patient data,
helping gather crucial clinical information. For example,
systems can automatically remind physicians to inquire about
a family history of diabetes and lifestyle factors (e.g., smoking
and physical activity). Triggers can also be used to detect
patients with suspected diagnostic errors, such as the wrong
type of diabetes.

Optimizing organization and data display. 1T systems re-
duce the cognitive load on physicians by highlighting im-
portant information to avoid oversight. This includes crucial
clinical indicators and other diagnostic results that may in-
dicate the type of diabetes.

Creating a broad diagnostic spectrum. Technologies offer
key questions or tests for consideration using differential
diagnosis generators. This helps physicians avoid hasty con-
clusions and consider all possible types of diabetes.

Assessing diagnostic probabilities. 1T systems combine
clinical data with diagnostic test results to calculate the pro-
bability of a specific type of diabetes. This facilitates the use
of clinical prediction rules to improve diagnostic probability
assessment, taking into account risk factors and symptoms.

Developing a diagnostic plan. Technologies streamline
the process of planning the next steps by providing standard
sets of tests and guidance. For instance, the system can flag
patients with an unclear disease course and automatically
suggest relevant additional tests to refine the diagnosis.

Providing access to reference materials. 1T systems grant
physicians access to information, journals, images, and clini-
cal guidelines that can help diagnose and treat various types
of diabetes.

Continued patient monitoring. Systems support a systema-
tic approach to continued patient monitoring. Reminder
tools can alert healthcare providers about the need for further
screenings or check-ups for diabetic patients, helping prevent
complications.
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Support for screening programs. I'T systems enhance com-
pliance with screening programs through automatic remin-
ders and reports. This helps identify patients at high risk
of diabetes and those who have fallen out of the medical
system’s radar.

Providing tools for collaborative diagnosis. I'T technolo-
gies facilitate access to expert opinions and make it easier to
involve colleagues in discussing complex cases through tele-
medicine or electronic consultations, which is particularly
important in diagnosing rare types of diabetes.

Feedback support for physicians. Technologies establish
a clear chain of events with more precise documentation of
the assistance process. Identified errors can be relayed back
and used as a learning experience for all medical practice
participants.

Detection of diagnostic errors. Double-checks using elec-
tronic algorithms can identify missed diagnostic opportu-
nities and discrepancies, especially in diagnosing types of
diabetes, allowing timely detection and correction of errors.

Facilitating practice improvement research. 1T systems
generate epidemiological data and comparisons between
healthcare providers, clinics, or regions to investigate dif-
ferences in patient outcomes and negative events associated
with possible diagnostic errors.

Utilizing artificial intelligence. Evidence is emerging of the
effectiveness of using artificial intelligence to prevent diag-
nostic errors in medicine, significantly expanding diagnostic
capabilities in diabetology [38, 39].

It’s essential to consider that the use of artificial intel-
ligence in medicine requires careful attention to ethical,
confidential, and security issues. It cannot replace the human
knowledge, empathy, and clinical experience of a physician,
but it can serve as a powerful tool to support decision-making
and improve the quality of diagnosis in medical practice. It’s
also worth noting that the current version of ChatGPT can
be helpful for medical personnel; however, researchers are
advised to fact-check all provided statements, keeping in
mind their limitations [40].

Results

Our research aimed to optimize the diagnosis of different
types of diabetes and prevent diagnostic errors. To achieve
this, we decided to develop a chatbot based on a multile-
vel algorithm for the differential diagnosis of various types
of DM.

In the initial stage we conducted a thorough investigation
based on literature data and our own clinical observations.
We examined the most typical variants and reasons for dis-
crepancies in diagnoses when identifying types of diabetes.
Following the modern recommendations of leading diabetic
societies and expert groups, we compiled a detailed list of
complaints, medical history data, and results of objective,
laboratory, and instrumental studies characteristic of diffe-
rent types of DM [8, 41—43].

In our search for a suitable program, we chose a chatbot.
A chatbot is a computer program developed based on neu-
ral networks and machine learning technologies, allowing
communication in audio or text format. It’s an artificial in-
telligence program that simulates an interactive conversation
with a human using predefined key phrases from the user.
Chatbots can conduct preliminary interviews and provide
recommendations for further actions based on this. They can
automatically collect and analyze patient data, creating a de-
tailed patient profile to assist doctors in making an accurate
diagnosis. Using machine learning algorithms, chatbots can
analyze symptoms and clinical data, for example, to prelimi-
narily determine the probable diabetes type.

For broader and more convenient use we chose to de-
velop a Telegram bot. By employing formalization and sys-
tematization methods with the multichannel automation
platform SendPulse [44], we created a Telegram bot DiaType.

DiaType creation technologies. DiaType bot was developed
using SendPulse auto-replies and behavioral pipelines. It
utilizes a multilevel differential diagnosis algorithm, imple-
mented with specialized rating and classification tables.

The main stages of creating Dialype are illustrated in
Fig. 1.
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In the first stage, an interactive mode collects com-
plaints, medical history, and available examination results.
A chatbot adapts questions to each specific patient. Based
on the received answers, DiaType formulates a preliminary
version regarding the type of DM and recommends fur-
ther examination if necessary. After recording the results
of these examinations, DiaType determines the most likely
diagnosis.

Fig. 2 illustrates the work of a Telegram bot Dialype
when diagnosing diabetes type at the initial stage (A) and in
a patient with suspected LADA (B), who was diagnosed with
T1DM, along with a list of recommended laboratory tests to
confirm the diagnosis.

The preliminary testing of DiaType has demonstrated its
high accuracy and effectiveness in diagnosing diabetes types.
It has been found that it facilitates better collection and ana-
lysis of medical data, provides advice for further actions, and
supports healthcare professionals in decision-making. Its
advantages include accessibility (a bot is available anytime
and anywhere, simplifying diagnosis), interactivity (users can
interact with a bot in a convenient format), accuracy (the use
of a multilevel algorithm increases diagnostic accuracy), and
support for medical professionals (a bot can be particularly
useful for primary care physicians, providing them with tools
for better diabetes type recognition).

We believe a Telegram bot DiaType could become an
important tool in improving the quality of medical care for
patients with diabetes.

Conclusions

Thus, the leading causes of diagnostic errors in diabetolo-
gy include limited access to quality medical care, insufficient
training and number of qualified personnel, poor teamwork
and medical information exchange, inadequate availability of
diagnostic tests, poor coordination of care and monitoring,
lack of medical informatics resources, human factors, and
cognitive biases. Typical diagnostic errors include incorrect
determination of the type of DM (especially TIDM, T2DM,
LADA, MODY, diabetes 3c), which is due to the increasing
heterogeneity of the disease, blurring of boundaries between
its types, atypical course, decreased diagnostic value of clas-
sical criteria, comorbid conditions, and low availability of
diagnostic tests. A Telegram bot Dialype, created based on
a universal multilevel diagnostic algorithm, increases the
accuracy and effectiveness of diagnosis, simplifies the process
for primary care professionals, helping to prevent diagnostic
errors and improve treatment outcomes.
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NMOMMAKM B AIQrHOCTHMLi TUNIB LlYKPOBOTrO AiaGery:
MPUYUHMU | LUASIXU 3ANOGIraHHS
(OrASIA AiTEPATYpPU TA PE3YABTATU BAOCHUX AOCAIAIKEHD)

Pe3tome. ¥ craTTi HaBeneHO CydyacHi BiTOMOCTI OO JIIKAPCHKUX
MOMWIOK Yy JiarHOCTHL 1ykpoBoro niadety (L1/1), npoaHanizoa-
HO IXHi YUHHUKU, OKPECJICHO NUIAXU 3anobiraHHs. [TpuunHamu
HaAMOIIBII MTOIIUPEHUX AIaTHOCTUIHMX ITOMMJIOK Y 1ia0eToIoril €
00OMeKeHUI TOCTYM A0 SIKiCHOI MEIUYHOI TOITOMOTH, HEIOCTaTHSI
MiIroTOBKA i KiJIbKiCTh KBajli(hiKkOBaHUX KalpiB, HU3bKa SIKICTh
KOMaHIHOI po00TH, 00MiHY MEIMYHOIO iH(OpMalli€r0, HeTOCTaTHS
MOCTYIHICTDb AiarHOCTUYHUX TECTIB, HE3aIOBiIbHA KOOPAUHALIIS
JOTJISIAY 1 MOJAJIBIIOTO CITOCTEPEXKEHHSI, HEIOCTYITHICTb pecypciB
MeIUYHOI iHpopMaTUKU, TOACHKI (paKTOpU Ta KOTHITUBHI yIe-
pemxeHHs (30KpeMa, ToMUIKoBa ineHTudikarist LI/ i itoro tumy,
HeTpaBUJIbHE CTBOPEHHSI KOHTEKCTY, MepeoliiHKa/HeT001iHKa
BMIAIKOBOI 3HAXIIKM, TIepenyacHe 3aBepIICHHS 1iarHOCTUIHOTO
npoliecy, Opak 3HaHb i HABUYOK Y rajiy3i aiadberosorii). Haitoinbi
TUIIOBUM BapiaHTOM PO3XOJKEHHSI JiarHO3iB € TTOMUJIKOBA iIeH-
tudikanis LIJ] 1-ro (BKJIIIOYHO 3 JIATEHTHUM aBTOIMyHHUM fiabe-
TOM Yy IOPOC/NX), 2-T0 Ta iHIMX crienudiyaux Tumis L1 gyepes
3POCTAaHHSI TeTePOreHHOCTi, CTUPAHHS MEX MiX TUIaMU, aTUIIO-

BUIi IIepeOir 3aXBOPIOBAHHSI, 3MEHILIEHHSI JiarHOCTUYHOI LIIHHOCTI
Haibiab BaxiuBux KputepiiB LI/] (Bik, 03HaKu MeTabOIiYHOTrO
CUHIPOMY, KEeTO3Y, 3aJICKHICTb Bill iHCYJIiHOTepalrii), HasiBHICTb
KOMOPOiTHUX CTaHIiB, HU3bKY JOCTYITHICTb JiarHOCTUYHUX TECTiB
IIJIS1 YTOUHEHHS TUTTY Jia0eTy. 3 MeTO0 ONTUMi3alii JiarHOCTu -
KU Ta 3aro0iraHHs 1iarHOCTUYHUM ITOMMWJIKAM HaMM CTBOPEHUIA
Telegram-06ot Dialype Ha OCHOBi 6araTopiBHEBOI'O aJITOPUTMY
nudepeHIiaabHOI niarHoCTUKM pisHUX TUIiB LIJI. Atipo6artist 6ota
BUSIBUJIA IOTO BUCOKY €(heKTUBHICTh B imeHTU(DiKallii pi3HOBUIIB
L. IMepeBaramu Dialype € nocTynHicTh, iHTepaKTUBHICTb, TOY-
HiCTb, MiATPUMKa MEIUYHUX (haxiBILiB, 10 TO3BOJISIE MiABUILIUTH
e(eKTUBHICTh MIaTHOCTUKM, CIIPOCTUTHU TiarHOCTUYHUIA TIpOIIeC,
0COOJIMBO [JIs JIiKapiB MEPBUHHOIL JJAHKH, 3aIIO0IITH J1iarHOCTUY -
HUM MOMWIKaM i, SIK HaCJIiIOK, MOKPAIUTH Pe3yJIbTaTU JIiKyBaHHSI
TMali€HTIB.

KirouoBi ciaoBa: uykposuii giaGer; TUIIM; reTEPOreHHICTD;
NiarHOCTHMKA; JiKapChKi MOMMIKHU; iH(pOpMaLiiiHi TeXHOJIOTII;
yaT-60T
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MpuHUMN NpaIMuUXx i 3BBOPOTHUX HETATUBHUX 3B’ A3KiB
peryasuii eHAOKPUHHUX PYHKLIN
T MOX>XAUBOCTI BUKOPUCTOHHS METOAIB
MOASPU3ALINHOT GiOMEeANYHOT ONTUKU
B AIQrHOCTULi BY3AOBOro 306a

Pe3tome. AktyanbHicTb. [TopyLLeHHS NPUHLMMIB NPSIMUX Ta HEraTMBHUX 3BOPOTHUX 3B'A3KIB perynauii eHgo-
KPUHHWX QOYHKUIV Mpn3BOANTbL [0 BUHWKHEHHS BY3/10BuX ¢hopm 306a. [py 4boMy CTPYKTYPY Ta KiSIbKICHi 3MiHN
ymtonogiéHoi 3ano3u (LL3) moxHa 6irnbLL iHGOPMAaTUBHO | TOYHO OLIHUTY MeTofamm nosspu3aliviHoi 6iomeam4Hor
ontukn. Meta: o6rpyHTyBaTH MOXINBOCTI 3aCTOCYBaHHSI METOAIB rosnspu3aliviHoi 6ioMeanyHoOI onTuKK B giarHoc-
TULi BY3710BOro 306a Ha OCHOBI 3aCTOCYBaHHS IHTerpaT1BHOro naTtogisionoriYyHoro nigxoAy LWoAo npuHUMMY rpsmmx
i HeraTuBHNX 3BOPOTHUX 3B’I3KIB perynauyii eHaokpuHHUX pyHKUivi. MaTepianu Ta metoau. Jocnigxysanvcs 4Bi
rpynu XBopux: KOHTposibHa rpyna 1 — 3[0posi goHopu (51 nayieHT), gocnigHa rpyna 2 — nayieHTv 3 By3/10BUM
3060M (51 nayieHT), ikuM 3 JiarHOCTUYHO METOK MPOBOANIIN TOHKOIrOJIKOBY acripayiviHy nyHKUiviHy 6ioncito LL3.
B ocHoBy peanisayii coyHpgameHTanbHOI igei nonspuaayiviioi 6iomMmean4HoOI ONTUKK MOKI84EeHO ABa aHaniTudHNX
nigxo[u — cTaTUCTUYHWIA | TororpacghidHmii (cbpakTasbHuii). BukopucTaHi iHCTpyMeHTasbHIi na3epHi MetTogu: rnosis-
pU3aviviHnii, IHTEPEPEHLIVIHWNA, LUNGhPOBUI rosiorpacidHni; KOMITIOTEPHI Ta aHaniTudHi MeToau: CTaTUCTUYHUI |
MyrbTughpakTabHu. KirlbKiCHO BU3Ha4Yasiv ctatucTUyHI napameTpy mMar asvmyTa rnosnspuaadii, asumyTa nosnspusa-
Ui gpa3oBux Ta MysibTUGPAKTaSIbHUX CNEKTPIB LUMGDPOBUX MIKDOCKOMIHHMX 306paxeHsb HAaTUBHWUX rCTOONYHUX 3pisiB
6ioricii LL{3 xBopux Ha BY3/10BuUvi 300 i3 po3paxyHKOM: cepeaHboi, aucrepcii, acumeTpii Ta ekcuyecy. BiporigricTs
BiAMIHHOCTEV! MOPIBHSIHO 3 KOHTPOIEM, rpukiHATM 3a 100 %, oLiHIoBaIv 3a AOMOMOro napameTpuyHOro KpUTepito
CrbrofeHTa (p < 0,05). Pesynbratun. BusisrieHo BiporigHe 3pocTaHHs acuMeTpii Ta exkcuecy asmmyTa ronspusauii,
BiporigHe rasnbMyBaHHs1 CepenHbOi asumyTa ronspusauii pasoBux LMpoBUX MIKDOCKOMIYHNX 306 paXeHb HaTUBHNX
rictornoriyHux 3pisis bioncii L3 xBopmx Ha By3510Buk 306, BiporigHe 36i/bLUEHHS acuMeTpii Ta ekcuyecy UngpoBumx
MIKPOCKOMIYHMUX 306paxkeHb HaTUBHUX FICTONIOMYHMX 3pi3iB Giorcii XBopux Ha By3roBuk 306. [Noka3aHo BiporigHe
3PpocCTaHHs ANCePCIi Ta BIporifgHe 3HMKEeHHS acuMeTpii Vi ekcLecy MyrnbTUGhpaKTaibHUX CrEeKTpiB Man asumyTa
ronspu3aavii UngpoBmx MIKPOCKOMiIYHNX 306paXeHb HATUBHUX FiCTONIOMYHUX 3pi3iB 6ioncii LL|3 xBopux Ha By3/10Buii
306. BucHoBKW. BusirieHe BiporigHe 3pocTaHHs 6i0ghi3nHHUX OMTUYHUX MOKa3HWKIB LMbpoBMX MIKPOCKOMIHHNX
306paXkeHb HaTUBHUMX FICTOIOMNYHMX 3pi3iB 6ioncii LL|3 xBopux Ha By3/10BMk 306 3yMOBJIEHE 30i/IbLLEHHSIM KOSI0IgHMX
¢horiiKyriB Ta PO3POCTaHHSM CrOTYy4YHOI TKAHWHW HaBKOJI0 HUX. BusiBrieHi BiporigHe rasibMyBaHHs cepeHboi asumyTa
ronsapu3auii pa3oBux UNpPOBUX MIKPOCKOIMIHHNX 306paXxKeHb HATUBHUWX FCTOSIOTHHMX 3pPI3IB | BipOrigHe 3HMXeH-
Hs acuMeTpIi Ta eKkcuecy MysbTUghpakTasibHUX CreKTpiB Mar asumyTa rnonspusadii Ungposux MiKpOCKOMIYHNX
306paxkeHb HATUBHYX MICTONOMYHMX 3pi3iB BGIOrNCii XBOpUX Ha BY3/10BUM 306 3YMOBJIEHI aKTUBAL|IEIO TUPEOLUTIB K
amMopghHOro KOMIOHEHTA y pe3ynbTaTi akTusidawlii An3perynsauyiviHoro NnaTosoriYHoro npoLecy BHacsifokK MnopyLUeHb
MPpUHLMIY NPSAMUX | HeraTMBHUX 3BOPOTHUX 3B’S3KIB perynsauii eHAOKPUHHNX DYHKUIN.

Knroy4oBi cnoBa: wuronogi6Ha 3anosa; By3nosuii 306; npsmi Ta HeraTuBHI 3BOPOTHI 3B’3Ku; rnonspusaliviia
OnTUKa; iIHTerpaTuBHWU Nigxig
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Bctyn

Binomo, 1110 TpuHLIKI MPSIMUX 3B’SI3KiB JIEKUTh B OCHOBI
MiSTIBHOCTI €HOOKPUHHMX (PyHKIIIOHAIBHUX CUCTEM: Tilo-
TajlaMo-TinodizapHO-HaJIHUPHUKOBOI; TiMOTaJIaMO-Tillo-
GizapHO-TUPEOITHOT; rirmoTanamMo-rinodizapHo-roHamHol.
PeaizyeTbes yepes 3ailicHEHHS TAKMX MOCITIIOBHUX €TaITiB:
CITPUIHSTTSI TiIMOTAIaMyCOM BUILIMX HEPBOBUX PETYISITOPHUX
CUTHAJTIB i CeKpellisl BiMOBIMIHUX PUJTI3UHT-TOPMOHIB; Y BiJl-
MOBI/Ib Ha {10 PUJTI3MHT-TOPMOHIB CEKpellist aeHoTinodizomMm
BiIMOBITHMX TPOITHUX TOPMOHIB; Y BiIITOBiAb Ha Ail0 TPOITHUX
TOPMOHIB YTBOPEHHSI i BUMiJIEHHS epr(epUUYHUMU 3aJ103a-
MU (KOpOIO HAIHUPKOBUX 3aJ103, LIMUTOIOAIOHOIO 33103010
(LLI3), crateBumu 3as103aMu) eheKTOpHUX ropMoHiB. [Topy-
LLIEHHS MPSIMMX 3B’SI3KiB y peryJisiiii eHIOKPUHHMX (DYHKIIii
00yMOBJIEHI po3/IalaMy CUHTE3Y i CeKpellii: pUTi3MHI-TOPMO-
HiB, TPOITHUX TOPMOHIB, €(heKTOPHUX TOPMOHIB [ 1, 2].

I1pu 1bOMY pO3pPi3HSIOTH 3BOPOTHI HETaTUBHI 3B’S3KU1
B cHCTeMaXx TiroTtajiamyc — aneHorinodiz — nepudepuyuHi
3aJI031 i1 KOPOTKIi MaparinodizapHi 3B0poTHi 3B’s13ku. CyT-
HICTb HEraTMBHUX 3BOPOTHUX 3B’SI3KiB y CUCTeMaXx Tirnora-
Jamyc — aneHorinodiz — nepudepuyHi 3aJ103U MOJISITae
B TOMY, 1110 YTBOPIOBaHi TOPMOHU TaJIbMYIOTb HisJIbHICTh
CTPYKTYP, sIKi 30iliICHIOIOTb TTONEPEeaHI eTanu peryJsiii.
ITocunenHs cexpellii e(peKTOPHOTO TOPMOHY Uepe3 IeBHi
JIAaHKY TIPU3BOIUTh J10 3MEHILIEHHSI 10TO YTBOPEHHS i HaI-
XOJIKEHHSI B KPOB, i HABMaKW, 3MEHILEHHS KOHIEHTpALLil
TOPMOHY B KPOBi BUKJIMKAE MiABUILEHHS iHTEHCUBHOCTI
iioro yrBopeHHsI i cekpelii 3, 4].

B ocHoBy 6i0hi3yHOr0 MOAEIPHOTO aHATI3y ONTUIHMX
BJIACTMBOCTEN HATUBHUX TiCTOJIOTTYHUX 3Pi3iB LIUTOMOIi0-
HO{ 3aJ1031 TIOKJIAJIEHO PE3YJIBTaTH Ja3ePHUX TOIsIpUMe-
TPUYHUX TOCIiIKEHb 0i0JIOTYHNX TKAaHWH, SIKi BUKOHAHI
HayKOBOI IpyMNol0 A0CHiMHUKIB 3 YepHiBelIbKOIro Hallio-
HaJIbHOTO YHiBepcuTeTy iMeHi IOpis denpkoBrYa i Ke-
piBHULITBOM mpodecopa OnekcaHapa YieHka [5—7].

Mopdonoriuny crpykrypy TkanunHu 113 posrisanaroTts
SIK IBOKOMITOHEHTHY aMOp(hHO-aHi30TPOTIHY MaTpPUIIIO.
AMopdHMIT KOMIIOHEHT (mapeHxima, 1o chopMoBaHa
emiTe/iaIbHOI0 TKAHUHOI — TUPEOLIUTAMU) € MOJISIPU-

3aliifHO HEaKTUBHMUM Ta He 3MIHIOE CTaHy MOJSIpU3alIii
JIa3epHOTO OMPOMiHIOIOYOTO My4yKa. AHI30TPOITHUIT KOMITO-
HEHT (ONTUYHO aKTUBHI IJI00YJIiHOBI OLIKOBI KOMILIEKCH —
domikynu, 110 3aMOBHEHI KOJIOIIOM 3 TUPEOTI00YIiHO-
BUX OiIKiB) (DOPMY€E KOOPAMHATHO PO3MOIiIeHI IOBOPOTU
TUTONIMHY TTOJIIpu3aliii abo Mamnu asuMmyTa Mojspu3aliii.
[lonikpucTtaniyHuii KOMIOHEHT CHOJYYHOI TKAHUHU Y
napeHxiMi — (iOpuIsipHi MPOTETHOBI MepexXi CIOJYyYHOT
TKaHWHU — Ma€ CTPYKTYPHY ONTUUYHY aHi30TpoIIito abo
JIBOITPOMEHE3aTIOMJICHHST, 1110 BUBHAYAETHCSI KOHIIEHTpAIli-
€10 il MPOCTOPOBO-KYTOBOIO OpraHizalli€lo HaAMOJEKYJIsIp-
HUX OiTKOBUX (hiOPUISIPHUX MEPEXK i 3a7I€KUTh Bill IXHHOTO
KOOPJAMHATHOTO PO3MOIiay B 00’eMi 3pa3ka TkaHuHU [113.

MeTta aocaimKeHHs:: OOIPyHTYBaTU MOXJIMBOCTI 3aCTO-
CYBaHHS METOIIB IOJISIpU3ALIifHOT 0i0MEINIHOT ONTUKI
B AiarHOCTHIIi BY3JIOBOTO 3002 Ha OCHOBI 3aCTOCYBaHHS
iHTErpaTUBHOIO MaTO}i3i0IOTIYHOrO MiAXOMy 1100 IIPUH-
LIUITY MPSIMUX i HEraTUBHUX 3BOPOTHUX 3B’ SI3KiB PeTyJIsILIil
€HIOKPUHHUX (DYHKIIIiA.

Marepiaau Ta metoaun

HocnimxyBanucs ABi rpyny XBOPUX: KOHTPOJIbHA TPy-
na 1 — 3mopoBi foHopwu (51 maiieHT), gociiaHa rpyrna 2 —
MAali€eHTU 3 By3J10BUM 3000M (51 mali€HT), SIKMM 3 IiarHOC-
TUYHOIO METOIO TPOBOJUIN TOHKOTOJIKOBY acTipalliiiHy
MYHKIiHY 0ioICilo.

B ocHoBy peatizaitiii pyHmamMeHTanbHOI iei mossiprusa-
1iiiHOT GiOMEeIMYHOI ONTUKU MOKJIANEHO /IBa aHATITUMHUX
MiIXOIU — CTATUCTAYHMIA i TormorpadidHuii (ppaKkTalIbHUIA).

CratucTUYHUI MiAXia 3a0e3neuye MOXIUBICTh 00’ €K~
TUBHOTO OLIiHIOBAaHHS PO3MOIiIiB BUIaAKOBUX 3HAUEHb Be-
JIMUUHU a3UMyTa MoJisipu3aliii 1udpoBUX MiKPOCKOTTIYHUX
300paxkeHb INpenapaTiB TKaHuHU 1113 6e3 ypaxyBaHHS ix
KoopauHaTHOI (TororpacdiuHoi) ctpykTypHocTi. [TopiBHSIHO
3i CTATUCTUYHOIO CTPYKTYPOIO Marl azuMyTa MoJisipu3aliii
MIKPOCKOITIYHUX 300pakeHb 3pa3KiB TKAHUH 3I0POBUX
JIOHOPIB CJIifi OYiKyBaTH JJIs BY3JIOBOTO 300a 3pOCTaHHS
CepeNHbOTO Ta Jiala3oHy PO3KUAY BUIAAKOBUX 3HAUYEHb
BEJIMYMHU a3UMyTa IToJIstpu3altii [8, 9].

PucyHok 1. OnTu4Ha cxema Ans Nonsspu3auifiHo-iHTepghepeHLiliHoro KapTorpaghyBaHHs napameTpiB BeKTopa
Crtokca: 1 — He-Ne nasep; 2 — konimarop (0); 3, 11 — posranyxysadyi npomeHis (BS); 4, 5 — n3epkana (M);
6, 9 — yBepTbXxBUNbOBI NnactuHn (QP); 7, 10, 13 — nonspusaropu (P); 8 — 06’eKT gocnigxeHHs; 12 —
nonsipusauivinnii o6’ektus (0); 14 — ungppoBa kamepa (CCD); 15 — nepcoHanbHuii komm’'rorep (PC) [5]
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MynbrudpakTaabHII Tiaxio 3a0e3nedye MOXINBICTh
00’€KTUBHOTO OL[iHIOBAaHHST KOOPAMHATHOI (TonorpadivHoi)
CTPYKTYPHOCTI, pO3MOAiJiB BUNAAKOBUX 3HAUYCHb BEJIM-
YUHU a3uMyTa noJisipu3ailii tndpoBUX MiKpOCKOITIYHUX
300paxkeHb npenapatiB TKaHuH 1113. TlopiBHSIHO i3 Tomo-
rpadiuHo0 MacmTabHO-caMoIoAiOHOW ((hpaKTaTbHOIO)
CTPYKTYpPOIO Mall a3uMyTa Nojsipu3allii MiKpoCKOMiYHUX
300paxkeHb 3pa3KiB TKAHWH 300POBUX TOHOPIB CJIiI OUiKy-
BaTHU JUISI BYy3JI0BOTO 3002 HE3HAYHE 3POCTaHHS KiJIBKOCTI
(pakTaJbHUX PO3MiIpHOCTE — diara3oHy 3HauYeHb (hpaKk-
TaJbHUX PO3MipHOCTEH BiAMOBITHOTO MYJITU(PAKTAIIBHOTO
CIeKTpa Mall a3uMyTa IoJsIpu3aliii.

BukopucraHi iHCTpyMeHTaIbHI JIa3epHi METOIM: TIOJIsI-
pu3aLiitHuii, iHTepdepeHIiiHuii, IMdpoBUil roorpadiv-
HUI1; KOMIT'IOTepHI Ta aHAJTITUYHI METOAN: CTATUCTUYHUIA
Ta MyJbTUdpakTanbHuii [10—12].

V3araabHeHHSIM CXeMU MOJsIpU3alliiiHol iHTepghepoMe-
Tpii € cXeMa CTOKC-TIOJISIPUMETPUYHOTO KapTorpadyBaHHS
Ha ocHOBI iHTeppepomeTpa Maxa-lleHnepa, sika mokazaHa
Ha puc. 1 [5].

Merta nossipu3aliiHOro METOAy MOJISITAE B €KCIIEpU-
MEHTaJIbHOMY BUSIBJIEHHI i3 KJIACUMHOTO CBITJIOBOTO 11 (-
POBOTO MiKPOCKOTIIYHOTO 300paxkeHHsI /(m, n) HATUBHOTO
rictosoriyHoro 3pi3y Oiorncii TkanuHu 113 koopnuHaTHHUX
(m, n) posnoainiB (Mamn) asumyTta o(m, n) MoJsipu3arii.
MeTtonoJorist mojaspu3aliiiHOro MeToay MoJsira€ B OIMpo-
MiHIOBaHHI 3pa3kiB OiosioriyHUX MpenapariB (HaTUBHI
rictojioriuHi 3pizu 6Giorncii 11[3) 1azepHUM BUIIPOMiHIO-
BaHHsIM. Yepes pi3He MOMIMHAHHS B IUIOLIMHI ITpeTiapaTiB
13 dhopmy€eTbCst KOOPAMHATHUIA (172, ) PO3ITOMIN BETMUMHU
iHTeHCUBHOCTI /(m, n) MPOIYyILLIEHOTO BUIIPOMiHIOBaHHSI
a0o0 KJlacuuHe CBiTJIOBe 300paxkeHHs. Take 300pakeHHs
3a IOMOMOT0I0 MiKPOCKOITIYHOIO 00’€KTUBY 30iIbIIYETh-
CsI i IPOEKTYETHCS Y IJIOIIMHY CBITIOUYTIMBUX ITIKCEiB
uundposoi CCD-kamepH, sika HOro peecTpye y BUNJISIII CY-
KYIHOCTI KOOPAWMHATHOTO IX(POBOr0 PO3MOAiTy 3HAUEHb
iHTeHCUBHOCTI [13, 14].

3 MeTOoI0 BUJIYYEHHS 3 OJepKaHOTo HU(POBOro Mi-
KPOCKOTIIYHOTO 300pakeHHSI MOJISIpU3alliiiHUX MaIl a3uMyTa
o(m, n) noasgpusauii nepes CCD-kaMepolo po3MillyoTh
JHIMHWH TToJIsIpu3aTop-aHaiizaTop. O0epTaoTh BiCh IIPO-
IyCKaHHS MOJIsIpU3aTopa-aHaiizaTopa Ha KyT 0 y Mexax
Bim 0 1o 7. KoM’ 1oTepHO peeECTPYIOTh Y MexXKaX KOXXHOIO
okpemoro mikcenst nudposoi CCD-kamepu HyJIbOBI 3Ha-
YeHHs iHTeHCUBHOCTI i BiIMOBiAHI HUM KyTH IIOBOPOTY OCi
MPOIyCKaHHS ToJisipu3aTopa-aHaiizaTopa. OnepxxaHuii
KoopaAuHaTHUI posnonin 1(6, m, n) = 0 HagXomUTh B iH-
Tepdeiic KoMm’'1oTepa Ta aJrOPUTMIYHO OOpOOJISIEThCS, i
BU3HAYAETHCSI Mara a3uMYyTiB MMOJIsIpu3altii om, n).

Merta inTepdepeHLiHOTO METOAY IIOJISITAE B €KCIIe-
PUMEHTAJILHOMY OJIep>XKaHHiI KOOPIUHATHOTO (a30BOro
po3snoiny d(m, 1) i3 KIaCUYHOIO CBITJI0BOTO LU(GPOBOTro
MiKpPOCKOITiYHOTO 300paxkeHHs1 /(m, n) HATUBHOTO TiCTOJIO-
riuHoro 3pi3y 6iorncii TkanuHu 1113. MeTtomosnoris iHTepde-
PEHUIAHOTO METOY IOJISITA€ Y BUKOPUCTAHHI Tu1aThopMu
ONTUYHOTO JIa3epHOro iHTepdepoMeTpa. TyT 3a TOOMOrowo
50% cBiTIIONOMIIPHIKA PO3ALISIIOTE JIA3EPHMIA IIPOMiHb Ha
JIBa TIy4KX — OTPOMiHIOIOUMI i ortopHuii. O6epTaIbHUM
N3EPKaJIOM CHPSIMOBYIOTh ONPOMIHIOIOUMI MYyYOK Ha J0-
chimxyBanuit npenapar L[3. 3o00paxeHHs1 npenapaty Mi-

KPOOO’EKTUBOM MPOEKTYETHCS B IJIOIIMHY CBITIOUYTIIMBUX
nikceiB uudpoBoi kamepu. JIpyrum obepTarounm a3epKa-
JIOM CIIPSIMOBYIOTb OIOPHY KOTE€PEHTHY XBUJIIO B TUIOLLIUHY
MiKPOCKOITIYHOTO 300pakeHHSI JOCIIiI>KyBaHOTO Mperapary.
V pesynbrati GopMyeThCs iHTepdepeHIliiiHa KapTUHa Mi-
KPOCKOITIYHOTO 300pakeHHSI, sIKa PEECTPYEThCS CYKYITHICTIO
nikceniB udpopoi CCD-kamepu. OnepxxaHuii 1udpoBuii
iHTepdepeHLIMHMIT PO3IOILT AITOPUTMIYHO 00POOIISIETCS,
i Ha 1ili OCHOBI BiITBOPIOETHCSI KOOPAUHATHUN pO3MOILT
(azoBux 3cyBiB d(m, n) Ja3epHUX KOJMBAHb Y TOUKAX Mi-
KPOCKOITIYHOro 300paxkeHHs npenapary 113 [15, 16].

J17151 06’ €KTUBHOTO OLIiHIOBAaHHSI KOOPAMHATHUX PO3II0-
NiJTiB BUTIAIKOBUX 3HAYEHb BEJIMYMHU a3UMYyTa ToJIsIpu3altii
3aCTOCOBYETHCSI CUHTE3 MaclITAOHO-CEeJIEKTUBHOTO BEWB-
JIeT- i MacIITabHO-CcaMOIIOAiIOHOTO (hpaKTATBHOTO aHAITi3Y.
BeiiBner-aHarni3 siBjisie COO0I0 aHAJIOT «MaTeMaTUYHOTO Mi-
KPOCKOITIa» i TO3BOJISIE OL[IHIOBATH KOOPAMHATHI PO3IIOIi-
JIK pi3HOMACIITAOHUX JTOMEHIB Tosisipu3auiiHux mar. st
METa JO0CSTAEThCS UISIXOM KOMIT IOTEPHOTO CKaHYBaHHS
TEeBHOIO CIIelliajli30BaHO0 BEMBIET-(DYHKILIEIO 31 SMiIHHUM
MacLITabOM 0 psIIKax KOOPAMHATHUX PO3MNOLLIIB a3uMyTa
o(m, n); o(3,, m, n) nonsipuzariii tMGPOBOro MiKPOCKOITiY-
HOTI'0 300paxkeHHs. Y pe3yJibTaTi BU3HA4arThCsl PO3IMOIIIN
BelBIeT-KOe(illiEHTiB, aMILIiTyIa SIKUX XapaKTePU3Ye€ CTy-
MiHb KOPEJSLil MiBIIMPUHU BeiBaeT-QYHKIIT i po3MipiB
noJisipu3aliiiinoro nomeHa [17, 18].

KinbkicHO BU3Ha4Yaau CTaTUCTUYHI TTapaMeTpu Marl
azyuMyTa IoJisipy3allii, a3uMyTa nojspusanii (pa3oBux Ta
MyJIbTU(paKTaJIbHAX CIEKTPIB Mall a3uMyTa IOJISIpU3alii
HUMPOBUX MIKPOCKOIIYHUX 300pakeHb HATUBHUX TiCTO-
JoriuHux 3pi3iB Oiorcii 1113 xBopux Ha By3710BUI1 300 i3
pPO3paxyHKOM: CepeiHbOI, IUCMepCii, acuMeTpii Ta eKclie-
cy. BiporigHicTh BinMiHHOCTe! MOPiBHSIHO 3 KOHTPOJIEM,
npuitHsaTAM 32 100 %, o1iHIOBaIM 3a TOTIOMOTOIO TTapaMe-
TpuuHoro Kputepito CtbioaeHTa (p < 0,05).

PesyAbTaTU

V3arajipHIoua cxema MpUHIUILY IpsaMux (+) i 3Bo-
poTHUX (—) 3B’SI3KiB perysiilii eHIOKPUHHUX (GYHKILiit
HaBeJeHa Ha puc. 2. BUKOpUCTOBYIOUM 1110 CXeMy Ta iH-
TeTpaTUBHUI IIPUHININ naTodi3ioorii, M1 IIpOBEIN aHa-
JIi3 maToreHe3y By3J0BOro 300a 3a aediluTy ioay B iXi Ta
MNUTHiN Boai. AKTUBHOIO (hopmoio ropmony 1113 € Tpuiton-
tupoHiH (T;), skuit Mae Ge3nocepeHili BILIMB Ha KJTiTH-
HU-MileHi. BomHovac 80 % npomykiiii TMpeouuTiB — 11e
HeakTuBHa (hopma ropmoHy — tupokcuH (T,). Taka oco-
OJIMBICTb MOB’sg3aHa 3 TUM, 110 KJIITUHHU-MIllIEHi MiCTSITh
depMeHT aeiioanHa3y, SKU MUISIXOM BiIIIeIUICHHS oIy
tpaHchopmye HeakTuBHuUit T,y T,.

3a nedinuy iony pisens T, i T, Oyne 3HUXEHUIA, OCKiTb-
KU TIepOKCHUIa3a TUPEOLUTIB He Oy/ie OKMCHIOBATHU MO/, i
OCTaHHil He Hafiliae y GoJliKyIu KOJOoimy A1 CUHTE3Y rop-
MOHIB. BigmoBigHo, 6iuHi ropOOBi sIpa i JyromnomaioHe sapo
rinmorajamyca OyayThb aKTUBOBaHi Ta Y BEJIUKIill KiIbKOCTi
PO3MOYHYTH NPOAYKYBAaTH TUpeomioepruH. OcTaHHIil 3a 10-
TOMOTOI0 TiloTasaMmo-TirnodizapHO-BOPITHOTO KPOBOOOIry
Hagiliae B IIepeaHIo YacTKy rirnodisa mo ioro 6azodinbHUX
KJIITUH i ILIJISIXOM 1X TilepCTUMYJISILIT PU3BE/E /10 TilepIpo-
IyK11ii TUpeOoTpoIHoro ropmMoHy. Yepes rinepakrusaitito 1113
BiIOYBAETHCSI PO3BUTOK IU3PETYISILIIITHOTO MaTOJIOTIYHOTO
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npouecy [19, 20], po3pocTaHHs CHIONYYHOI TKAHWHU B iHTEp- BivHi rop6oBi AP,

cTUllii 3 (hopMyBaHHSIM By3aoBoro 306a [21, 22]. [Tpu ubomy - _ Dyronogioke aapo:

36LTBIIYETBCST 00’€M aHI30TPOITHOTO KOMITOHEHTA (OIMTHY- = > " ggmggggﬁ%”

HO aKTHBHIi IJIOOYJIiHOBI GiIKOBi KOMILIEKCH — (OITiKYIH, HRS&;’;%’S&M o, — TIPONAKTHH-IHTIGITOpHM

1110 3aIlI0BHEHI KOJIOIZIOM 3 TUPEOIIO0YIiHOBUX OLIKiB) Ta BOPITHMIA KpOBOOﬁIF N ﬁ);;:ﬁfo rﬁgg’p""”"f{'“

MOTIKPUCTAJTIYHOTO KOMITOHEHTA CTITOJTyYHOI TKAHWHMU Y Ta- MepeHs yacTka rinocisa + TupeoniGepns_ —

peHxiMi — (iOpUIIAPHI TPOTETHOBI TSKi CITOMYYHOT TKAHUHU o NioniGepux :

HABKOJIO TirepTpodoBaHUX KOJOITHMX (omiKyIiB [7, 23]. - ﬁﬁ'ﬂﬂﬂ?mbm‘ -
Ha puc. 3A HaBeneHa nojsipu3auiiiHa Mmara (¢par-

MeHT 1) i rictorpama (parMeHT 2) po3Moaily BeTUIUHU -

a3uMyTa MoJjisipu3altii LM poBOTO MiKPOCKOIIYHOTO 300pa- | | Mpopykti <

JKeHHSI HaTUBHOTO TicToJIoriuHoro 3pi3y oiomncii 113 mari- weragoniay MponakTuH B

€HTa 3 KOHTPOJIbHOI Tpynu 1 (3m0poBi noHopu). Ha puc. 3b Ilsgﬁﬁ; Eﬁmmﬂbm ®onitponi

MPOAEMOHCTPOBAHA ToJsIpu3aliiiiHa Mamna (¢parmeHt 1) K ”'OTPO"'”

i rictorpama (¢parMeHT 2) po3IOIiTy BEIUUNHI a3uMyTa Tpuitog- i p K?g;mﬁ)' ﬁw“m"a_

MoJISIpU3altii TN POBOTO MiKPOCKOIIITHOTO 300paskeHHS TupoHin (T) <« e‘\\ RN TGCT%CTSDOH A

HATMBHOTO TiCTOJIOrYHOT0 3pi3y Gioncii 113 nauienTa 3 n0- Tupokcut (T,) ”éj'qgg';oﬂ'ﬁ”a @ KAuTuHi ES?S:AK.O "

ctigHoi rpynu 2 (mauieHTy 3 BY3JIOBHM 3000M). Ha puc. 4A — Koptuson HagrmpKos 3200 ﬁ‘er?gﬁ‘”' %%?L%TT&B%H

HaBeleHa (da3oBa nmossipu3aliiiiHa mama (pparment 1) i s

rictorpama (dbparMeHT 2) po3nojily BeJIUYMHU a3uMyTa PucyHok 2. lMpuHumnv npsimux (+) i 3BBOPOTHUX (—)

nonsipu3anii HudpoBOro MiKpOCKOIYHOTO 300paXeHHS 3B’A3KiB perynsuii eHBOKPUHHNX PYHKYiN

HATUBHOTO TicToNOrigHOTOo 3pi3y Oiomcii 113 mamienTa 3

KOHTpOJIbHOI rpynu 1 (310poBi noHopu). Ha puc. 4b npo- Ha puc. 5A HaBelleHO CKeJIeTOH aMIUTiTyI BeiiBJIeT-KO-

IeMOHCTpoBaHa (pa3oBa nossipusalliiiHa Mana (pparmeHT 1)  edimieHTiB (pparmeHT 1) i MyapTHUdpaKTaIbHUR CIEKTP
i ricrorpama (parMeHT 2) po3noAily BEIMUYMHU a3uMyTa  PO3TOMAINY BEJIMYMHU a3uMyTa ToJisipu3allii iucpoBoro
nossipu3alii HuppoBOro MiKpOCKOIIIYHOTO 300pakeHHsI ~ MiKPOCKOITIYHOTO 300paXkKeHHsI HATUBHOTO TiCTOJI0TiYHOTO
HATUBHOTO ricTojoriuHoro 3pi3y 6iomncii 1113 mauienta 3 3pisy 6iomncii 113 nauieHTa 3 KoHTposbHOI Tpynu 1 (3MOpOBi
nocainHoi rpynu 2 (Mali€eHTH 3 BYy3JIOBUM 3000M). noHopu). Ha puc. 5b mpoaeMoHCTpoBaHMIT CKEJIETOH aMII-

T N (a) N(a)

—_

rol

0

3

0 \X um 1000
>
0,5 0 0,51
o (1) (2) B (1) (2)

PucyHok 3. lMonsipu3sayiviHva mana (¢pparmeHT 1) i rictorpama (chparmeHT 2) po3noginy BesIM4nHN asumyTa rnoJis-

pu3sayii o (KyT Big 0 BO T MiX NJIOLMNHOIO KOJIMBAHb BEKTOPA €JIEKTPUYHOI HarpyXXeHOCTi Ta NJOLWMNHOI BifsliKy

napgiHHs na3epHoro BUNMPOMIiHIOBAHHS Ha 06’ €KT [OCHIAXEHHST) LnghpOBOro MiKpOCKOMiYHOro 306pa>keHHs1 HaTUB-

Horo rictonoriyHoro 3pi3y 6ioncii L|3: A) nauyieHT KOHTponbHOI rpynu 1, 3goposuii AoHOp; b) nayieHT gocnigHoOT
rpynu 2 3 By3/10BUM 3060M

0 — X,um 1000

== = |, ‘
|\
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1000 ¢ ™ N (o) 1000 - T AN@
1
Y, um T Y, um T
1 2 1 2 s
0 e - B 2 opieazna vl W g >
0" - um 1000 05T @ — Xum 10 0 osm om
() 2 M )

PucyHok 4. ®a3oBa nonsipu3auiviHa mana (¢gpparmeHT 1) i rictorpama (¢gpparmeHT 2) po3nopginy BesIM4nHN asumy-

Ta nonspusauii a (KyT Big 0 O T MiX NIOLYUHOIO KOJINBAHb BEKTOPA €JIeKTPUYHOI HarnpyXeHoCTi Ta NoLNHO0

BigniKy nagiHHs s1a3epHOro BUNPOMIHIOBaHHSI Ha 06’ €KT [OCNiAXEHHST) UMghpPOBOro MiKpOCKOMiYHOro 306 paxeH-

HS HATUBHOrO ricTosioriyHoro 3pisy 6ioncii LL|3: A) nayieHT KOHTponbHOI rpynu 1, 3gopoBun goHop; B) nauyieHT
AocnigHoi rpynu 2 3 By3/10BUM 3060M
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JiTyn BeliBieT-KoedilieHTiB (pparmeHT 1) i mynsTudpak-
TaJIbHUIA CIIEKTP PO3MOLTY BEIMUMHU a3UMyTa MOJIsSIpU3altii
11 (pPOBOro MiKpOCKOMIYHOIO 300paxkeHHsI HAaTUBHOTO Ti-
crosioriuHoro 3pi3y Giorncii I1[3 maiieHTa 3 qocnigHoI Tpy-
nu 2 (mali€eHT 3 By3JIOBUM 3000M).

Ha puc. 6 HaBeieHi CTaTUCTHYHI TTapaMeTPy Mall a3uMy-
Ta noJisipu3alii (2—5), azumyTa noJisipu3anii dhazoBux (6—9)
Ta MyJIbTU(PaKTATBHUX CIIEKTPIB Mall a3UMyTa ToJisipu3aliil
(10—13) undpoBUX MiKPOCKOTIYHUX 300paxkeHb HATUBHUX
rictonoriyHux 3pi3iB Giomcii 113 xBopux Ha By3n0BUii 300
MOPiBHSTHO 3 KOHTPOJIEM — 310poBUMHM JoHOopamu (100 %).

BussneHo BiporigHe 3pocTaHHsI aCUMETPil Ta eKCLeCy
as3uMyTa MoJisipu3allii, BiporifHe raJibMyBaHHS CepeIHbOT
a3uMyTa noJisgpu3sailii (ha3oBUX HUMPOBUX MiKPOCKOIYHUX
300pakeHb HATUBHUX TiCTONIOTIYHMX 3pi3iB Oiomcii 1113 xBo-
pUX Ha BY3JIOBUI 300, BiporigHe 30iIbIIIEHHS aCUMETpii Ta
eKciecy I poBUX MiKPOCKOMIYHUX 300paxkeHb HATUBHUX
ricToyoriyHmx 3pi3iB 6iorncii 13 Takux xBopux. [TokazaHo
BiporigHe 3pOCTaHHS AUCIIePCii Ta 3HMXKEHHST acCUMeTpii i
eKclecy MyJIbTU(hPAKTaTbHUX CIIEKTPIB Mall a3UMyTa IOJIsi-
pu3alii HMPOBUX MiKPOCKOIMIYHUX 300paxkeHb HATUBHUX
rictonoriyHmx 3pi3iB Giorcii 1113 xBopux Ha By3/10BUii 300.

O6roeopeHHs

OnrtryHa Moneib MOP(MOJIOTiuyHOT CTPYKTYPU TKAHUHU
113 s1BI15IE COO0I0 MBOKOMIIOHEHTHY aMOP(HO-aHi30TPOITHY
martpuio. AMopdHUIT KOMITOHEHT (MapeHxima, 110 chop-
MOBaHa eIliTe/1iaJbHOI0 TKAHMHOI — TUPEOLIMTaMU) € O~
JIIpU3alifHO HEAaKTUBHUM Ta He 3MiHIOE CTaHY TOJIsIpU3altii
JIa3epHOTO OMPOMIHIOIOYOTO My4yKa. AHI30TPOMHUIT KOMITO-
HEHT (ONTUYHO aKTUBHI IJI0OYJIiHOBI OLTKOBI KOMITJIEKCU —
(outikysu, 1110 3aMMOBHEHI KOJIOIIOM 3 TUPEOTIO0YIiIHOBUX
0inKiB) hopMy€e KOOpAMHATHO PO3MOMAiNICHI (m X n — Cy-
KYITHICTb IMiKceTiB HUMPOBOI KaMepH) MTOBOPOTH TUIOLIMHU
noJisipu3allii o @00 Mamny a3uMyTa noJisipu3altii a(m, n).

CratucTu4yHa CTPYKTypa Mall a3umyTa ToJisipu3alii
o(m, n) BU3HAYAETbCS KOHIIEHTPALIi€I0 ONTUYHO aKTUBHUX
TUPEOrIO0YTiIHOBUX OUTKOBUX XipaTbHUX MOJIEKYJ KOJIO-
imy donikymiB i He 3aJeXUTh Bill IXHBOIO KOOPAMHATHOTO
po3snoainy B 06’eMi mapenximu 3paska tkanunu L 3. I1o-
JIIKpUCTaJIIYHNUI KOMITOHEHT (TIPOIIApKM CiTKU CITOJyd-
HOI TKAHUHM Y TTapeHXiMi — HaJAMOJeKYIsIpHi QiopuisipHi
MPOTETHOBI MepeXi CIOJYYHOT TKAHUHU) MA€ CTPYKTYp-
HY ONTUYHY aHi30TPOIIi0 ab0 JBONPOMEHE3ATOMIECHHSI.
TomorpadiuHa cTpyKTypa HOJIKPUCTATiYHOI Mepexi Ipo-

F(h)

64
48
32
16
0,

— b pm 1000 .0 1.0 2.0

F(h)
I i L h
—> b,um 1000 %0 1.0 2.0
@) B (1) )

PucyHok 5. CKesleToH amniTyn BeABneT-KoegilieHTiB (hparmeHT 1) i MynbTudhpakTanbHui crnektTp posnoginy
BeJINYNHU a3nuMyTa rosisspu3adii LughpoBoro MiKpocKorniyHoro 306paxeHHs1 HAaTUBHOIO ricTosoriYyHoro 3pi3y 6io-
ncii W3: A) nayieHT KoHTponbHOI rpynu 1, 3goposBuk foHop; b) nayieHT gocnigHoi rpynu 2 3 By3/10BUM 3060M

% 122,9 1268 g0 p1<3§,’§5
p<0.05 p<ds 1188,

109,3
p<0,05

92,07 94,5

81,3
' 75,9
p<0001 | 788,

1 2 3 4 5 6 7 8 9 10 11 12 13

PucyHok 6. CtatucTnyHi napameTpu Man asumyTa nossipu3adii (2-5), asaumyTta nonspu3auii ¢pazoBux (6-9) Ta

MynbTUGYPaKTaNIbHUX CHEKTPIB man asumyTta nonspusadii (10-13) ynghpoBux MiKpockoniyHUX 306paxkeHb Ha-

TUBHMX ricTonoridHnx 3pisie 6ioncii LL|3 xBopux Ha By3/10Buii 306: 1 — KOHTpPOJIb, 340p0oBi goHopu (100 %); 2, 6,

10 — cepepgHe; 3, 7, 11 — gucnepcis; 4, 8, 12 — acumertpis; 5, 9, 13 — ekcuec; p — BiporigHicTb BigMiHHOCTEN
MOPIBHSIHO 3 KOHTpPOJIEM (MapaMeTPUYHNI KpuTepii CTbro4eHTa)
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IrapKy TKaHuHM 3m0poBoi L3 gk 06’exTa HeoOMeXeHOTo
pocrty [24, 25] € MmaciiTaOHO-CaMOTOIiIOHOIO i GJIM3HKOIO
no ¢paktanbHoi. KoopanmHaTHI po3MoAiv BUAIAKOBUX
3HAYeHb BEJIMYMHU a3UMyTa ToJIsIpu3allii € (hpaKTaJTbHUMMU.
ITaTonoriuyni 3minu 1113 nmpusBoasaTh 10 TpaHcdopMallii
(pakTaIbHOT CTPYKTYPH TTAPEHXIMU IIISIXOM 301JIbILIEHHS
douikyJiB Ta (hOpMyBaHHS MOJIKPUCTATIUHOTO CTPYKTYp-
HOTO IBOIIPOMEHE3aJIOMJIEHHSI BHACTIIOK PO3POCTAaHHS
CMOJIyYHOI TKAHWHU 3 PO3BUTKOM BY3JIOBOTO 300a.

J1st 00’€KTUBHOTO OLiHIOBAaHHS CKJIaJIHOI TOIIOTpa-
GigHOI, KOOPAMHATHO-HEOIHOPITHOI CTPYKTYPHU TOJISI-
pu3aliiHUX Man UUMMPOBUX MIKPOCKOTIYHUX 300pakeHb
6iosoriyHux nipemnapatis L3 meromosorii craTucTuyHO-
ro aHasli3y HeJOCTaTHbO BHACIIMOK MOTO KOOPAMHATHOT
«HEYYTIUBOCTi». JIOMIOBHEHHSAM CTaTUCTUIHOTO aHaTi3y B
CEHCI OLliHIOBaHHST KOOPAMHATHUX PO3TOIiIiB BUTIAIKOBUX
3HAUYE€Hb BEJIMYMHM a3MMyTa IOJIsSIpr3allil € CUHTe3 MacIll-
TaOHO-CEJIEKTUBHOTO BEHBJIET- i MacIITaAOHO-CaMOITO1i0-
Horo (¢pakTajabHOTO aHamidy. BeliBiaer-aHasi3 103BOJISIE
OLIIHIOBAaTU KOOPJIMHATHI pO3MO/iIM pi3HOMACIITaAOHUX
NIOMEHIB nosigpu3auiiiHux mar. Lisg meTta nocsraetbes 1si-
XOM KOMIT'IOTEPHOTO CKaHyBaHHSI TTEBHOIO CITelliali3oBa-
HOIO BeiiBJIeT-(PYHKIIEIO 31 3MiHHMM MacIITaboM 110 psiaKax
KOOPIMHATHUX PO3MOAiNiB azumyTa a(m, n); o($,, m, n)
noJisipu3aliii uPpPOBOro MiKpOCKOMIYHOTO 300paKeHHSI.
V pesyabTati BU3HAYalOThCS PO3IOIiIN BeliBaeT-Koedi-
LIEHTIB, aMILTITya SIKUX XapaKTepPU3Yy€E CTYIiHb KOPEJIALil
MiBIIMPUHM BelBIeT-(GYHKIIIT i pO3MipiB MOJISIpU3aLIiiiHOrO
JIOMeHa.

BucHOBKMU

BusiBiieHi BiporigHe 3pocTaHHSI aCUMETpii Ta eKCliecy
a3yMyTa MoJisIpu3allii, BiporigHe 30iUIbIIEHHS aCUMETPil Ta
ekciecy IMMpoBUX MiKPOCKOIIIYHIX 300pakeHb HATUBHIX
ricroyioriuHux 3piziB Giorncii 1113 xBoprx Ha By3J10BUi 300 Ta
BiporigHe 3poCTaHHS AUCHepcCii MyIbTU(hPaKTAIBHUX CITEK-
TPiB MaI a3uMyTa ToJisipu3altii uMpPoBUX MiKPOCKOTIIUHUX
300pakeHb HaTUBHMX TiCTOJIOriYHMX 3pi3iB Oiomcii 113 Takux
XBOPUX 3yMOBJICHI 301JIbIIIEHHSIM KOJIOITHUX (DOJTiKYTiB Ta
PO3POCTAHHSIM CITOJIyYHOI TKAHUHU HaBKOJIO HUX.

Bussneni BiporinHe raJbMyBaHHS CepeIHbBOI a3UMyTa
nossipu3aliii azoBUx 1MOPOBUX MiKPOCKOMIUHUX 300pa-
>KeHb HATMBHMX TiCTOJIOTiYHMX 3pi3iB Oiomcii 113 xBopux Ha
BY3JIOBUIA 300 Ta BiporigHe 3HUXKEHHS aCUMETPIl i1 eKcliecy
MYJIbTU(PaKTaJIbHUX CIIEKTPIiB Mall a3uMyTa IoJsIpr3allii
1GPOBUX MiKPOCKOITIYHUX 300paskeHb HATUBHMX TiCTOJIOTIY-
HuX 3pi3iB 6ioncii [113 3yMoBJIeHi akTUBALIIEIO TUPEOLIUTIB SIK
aMop(HOTO KOMITOHEHTA Yy XBOPUX Ha BY3JIOBUIi 300 BHACTi-
JTOK aKTUBi3allii AU3PEryJISILiifHOTO MaTOJIOTiYHOTO ITPOIIECY.

KondumikT inTepeciB. ABTOpH 3as1BJISIIOT PO BiJICYTHICTb
KOHIIIKTY iHTepeciB Ta Bl1acHOI (DiHaHCOBOI 3alliKaBlIeHO-
CTi TIpY TiTOTOBIII JAHOI CTATTi.

Buecok aBropis. Porosuii F0.€., Yimenko O.I. — KoH-
LenTyati3amis, Au3aiiH JOCIiMKeHHs, aHajli3 iHdopMmaliii,
MiAroToBKa pyKomnucy no nyonaikanii; binookuit O.B. —
30ip Ta aHami3 iH(opMallii, 00CTeXXeHHsI XBOPUX, MOIITYyK
Ta 00po0OKa CITelliaJIbHOI JTiTepaTypy 3a TEMOIO, HAITMCAHHS
TeKCTy cTaTTi; binookuii B.B. — 36ip Ta aHasi3 iHhopMaiiii,
0o0CTexKeHHS Talli€HTiB, HAITMCAHHS TEKCTY CTaTTi.
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The principle of direct and negative feedback regulation of endocrine functions and the possibility
of using polarization biomedical optic methods in the diagnosis of nodular goiter

Abstract. Background. Violation of the principles of direct and ne-
gative feedback regulation of endocrine functions leads to nodular
goiter. The structure and quantitative changes of thyroid gland can be
assessed more informatively and accurately by polarization biomedi-
cal optics. The purpose was to substantiate the possibility of using
polarization biomedical optic methods in the diagnosis of nodular
thyroid goiter based on the application of an integrative pathophy-
siological approach of the principle of direct and negative feedback
regulation of endocrine functions. Materials and methods. Two groups
of patients were studied: control group 1 — healthy donors (n = 51),
study group 2 — patients with nodular goiter (n = 51), who underwent
a thyroid fine needle biopsy for diagnostic purposes. The fundamen-
tal idea of polarization biomedical optics is based on two analytical
approaches: statistical and topographic (fractal). Instrumental laser
methods were used such as polarization, interference, digital holo-
graphic, as well as computer and analytical methods: statistical and
multifractal. The statistical parameters of polarization azimuth maps,
polarization azimuth of phase and multifractal spectra of digital mi-
croscopic images of native histological sections of thyroid biopsy
in patients with nodular goiter were determined quantitatively with
calculation of the mean, dispersion, asymmetry and kurtosis. The
significance of differences compared to the controls taken as 100 %
was evaluated using the Student’s parametric test (p < 0.05). Results.
There was a significant increase in the asymmetry and kurtosis of

the polarization azimuth, a significant inhibition of the mean of
polarization azimuth of phase digital microscopic images of native
histological sections of thyroid biopsy in patients with nodular goiter,
a significant increase in the asymmetry and kurtosis of digital mi-
croscopic images of native histological sections of thyroid biopsy in
patients with nodular goiter. A significant increase in dispersion and
a probable decrease in the asymmetry and kurtosis of multifractal
spectra of polarization azimuth maps of digital microscopic images of
native histological sections of thyroid biopsy in patients with nodular
goiter were shown. Conclusions. There was a significant increase in
the biophysical optical parameters of digital microscopic images of
native histological sections of thyroid biopsy in patients with nodu-
lar goiter due to an increase in colloidal follicles and the growth of
connective tissue around them. A probable inhibition of the average
azimuth of polarization of phase digital microscopic images of native
histological sections and a significant decrease in the asymmetry
and kurtosis of multifractal spectra of polarization azimuth maps of
digital microscopic images of native histological sections of thyroid
biopsy in patients with nodular goiter are caused by the activation of
thyrocytes as an amorphous component as a result of activation of the
dysregulatory pathological process due to violations of the principle
of direct and negative feedback regulation of endocrine functions.
Keywords: thyroid gland; nodular goiter; direct and negative feed-
back; polarization optics; integrative approach
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The association of maternal thyroid function
with placental hemodynamics during pregnancy

Abstract. We examined 164 pregnant women who were divided into three groups. Group | included 76 pregnant
women (46.4 %) with euthyroid goiter of I-Il degree. Group Il consisted of 63 pregnant women (38.4 %) with subclini-
cal hypothyroidism and diffuse thyroid goiter of I-Il degree. Group Ill was the controls and consisted of 25 (15.2 %)
pregnant women without thyroid pathology. The placenta was studied with the characteristics of ultrasound pla-
centography, placental maturation disorders, the area and localization were determined, and pathological changes
in the placental tissue were detected. Changes in the systolic-diastolic ratio in the uterine arteries and umbilical
cord arteries were assessed, the resistance index in the uterine arteries, the pulsatile index in the fetal aorta and
middle cerebral artery were determined using the method of color Doppler mapping of blood flow in the mother-pla-
centa-fetus system. Study of the echographic picture of structural changes in the placenta revealed a significant
impairment of its maturation, especially in the group with euthyroidism. Ultrasound screening revealed that in every
second pregnant woman with thyroid disease, the condition of the placenta did not correspond to the gestational
age, there were swelling, cysts and placental infarctions, a high frequency of diffuse changes in placental tissue,
and hyperechogenic inclusions in the amniotic fluid. An increase in the resistance index in the uterine arteries of
pregnant women, especially those with subclinical hypothyroidism, is noteworthy. With increasing gestational age,
the peripheral resistance of the placental microvasculature increases due to involutional-dystrophic changes and
circulatory disorders, which allows us to develop criteria for the prognosis and diagnosis of placental dysfunction,
and to prevent perinatal disorders in pregnant women with thyroid disease.

Keywords: hypothyroidism; thyroid gland; pregnancy; placental dysfunction; dopplerometry; placentography

Introduction

In pregnant women with thyroid disease caused by iodi-
ne deficiency (diffuse and nodular goiter), the number and
weight of nodules increase, and the size of goiter increases in
each pregnant woman [1—3].

Thyroid stimulation in iodine-deficiency diseases is ac-
companied by changes in biochemical parameters, which
is manifested by an increase in thyroid volume in pregnant
women by 30 % [4, 5]. In 16 % of these women, goiter is
formed [6]. A goiter that occurs during pregnancy does not
always have a reversible development, which leads to an in-
crease in the incidence of thyroid pathology among women
of reproductive age |7, 8].

Hyperthyroidism, goiter, hypothyroidism, and thyroiditis
worsen the course of the gestational period [8—10].

The main complications of pregnancy and childbirth in
pregnant women with iodine-deficiency diseases that deter-
mine the level of health of the mother and her newborn are:
the threat of abortion, preeclampsia, fetal malformations,
anemia, leading to placental dysfunction [11—14].

The aim was to study the state of the placenta using ul-
trasound to assess uteroplacental and fetal-placental blood
exchange in pregnant women with subclinical hypothyroi-
dism and euthyroidism.

Materials and methods

All 164 pregnant women examined were divided into
three groups. Group I included 76 pregnant women (46.4 %)
with euthyroid thyroid goiter of I-II degree. Group II con-
sisted of 63 pregnant women (38.4 %) with subclinical hypo-
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thyroidism and the presence of diffuse thyroid goiter of 11
degree. Group III was the control group and consisted of 25
(15.2 %) pregnant women without thyroid pathology.

The condition of the placenta was assessed based on its
structural integrity or degree of maturity [15]. Thus, no preg-
nant women with these changes were found in the control
group. And the study of the echographic picture of structural
changes in the placenta revealed a significant impairment
of its maturation in 35 pregnant women with euthyroidism
(46.1 %) and subclinical hypothyroidism in 26 observations
(41.3 %), which was significantly higher than in the control
group (p < 0.05) but did not differ between the groups of
pregnant women with thyroiditis (p > 0.05).

The echographic criteria for premature placental matu-
ration included the detection of grade 11 placental maturity
by 32 weeks and grade 111 by 36 weeks of gestation. We did
not find a clear correlation between the severity of clinical
manifestations of placental dysfunction and the frequency
of premature placental maturation. According to the results
of the study, premature maturation of the placenta was more
common (35.9 %) in pregnant women with euthyroidism,
while late maturation of the placenta was more common in
subclinical hypothyroidism — 27.0 % (Table 1).

Ultrasound screening revealed that in every second preg-
nant woman with thyroid disease, the condition of the pla-
centa did not correspond to the gestational age. There was a
higher degree of maturity, swelling, infarctions, and placental
cysts. Placental thickness ranged from 0.5 to 4—5 cm. One
pregnant woman in each group with thyroid disease (1.4 %)
had a low placenta position, and two (2.8 %) had placenta
previa. Of these, in 1 pregnant woman in group I it was cen-
tral and in 3 in group II — lateral.

Ultrasound placentometry showed no differences in
placental localization between the groups (p > 0.05). The
thickness of the placenta corresponded to the normative

values in 62 (81.6 %) pregnant women from group I and in
41 (65.1 %) pregnant women from group II (p < 0.05). In 10
(13.2 %) pregnant women of group I and 12 (19.1 %) preg-
nant women of group II (p > 0.05), the thickness of the pla-
centa was reduced. In 4 (5.3 %) pregnant women from group
I'and 10 (15.9 %) pregnant women from group II, placental
thickening was noted (p < 0.05). Pathologic changes in the
form of calcifications and cystic formations were observed
in 39 (51.3 %) pregnant women of group I and 41 (65.1 %)
pregnant women of group 11 (p > 0.05).

Thus, in pregnant women with thyroid pathology, ul-
trasound examination revealed a high frequency of diffuse
changes in the placenta, signs of umbilical cord wrapping
around the fetal neck, and hyperechogenic inclusion in the
amniotic fluid. Quite often, in group II of pregnant women
(p < 0.05), ultrasound examination revealed indirect signs
confirming the diagnosis of fetal distress (fetal muscle hypo-
tension and increased motor activity), as well as moderate
polyhydramnios.

To study the uteroplacental and fetal-placental circu-
lation in pregnant women with thyroid disease, blood flow
velocity curves were determined in the uterine arteries, um-
bilical cord arteries, aorta, and fetal middle cerebral artery.

The method of color Doppler mapping was used in the
study of uterine arteries. Additionally, blood flow velocities
were analyzed depending on the location of placentation.

For comparison, we determined the average systolic-di-
astolic ratio of blood flow velocities in the uterine arteries
depending on the side of the placenta (Table 2).

The value of the systolic-diastolic volume of the uterine
arteries in pregnant women with subclinical hypothyroidism
ranged from 1.98 to 2.24 and was higher than in the control
group in the second half of pregnancy. On the side of pla-
centation, the mean values of the systolic-diastolic volume
were significantly higher (p < 0.05) than on the other side,

Table 1. Characteristics of ultrasound placentography in pregnant women with thyroid disease (M = m)

Group
e CaTeT an:rgsls, Euthyrgig ggiter (1), | Subclinical hxzoégyroidism (n,
abs. | % abs. | % abs. | %
Disorders of placental maturation
Premature 2 8.0 27 35.9" 9 14.3**
Late 1 3.90 8 10.5 17 27.0%**
The area of the placenta
Less than average — — 2 2.6 1 1.6
Above average - - 1 1.3 4 6.3
Localization of the placenta

Back wall 13 52.0 41 54.0 37 58.7
Front wall 8 32.0 22 29.0 16 25.4
Uterine floor 4 16.0 13 17.1 10 15.9

Pathological changes in the placenta
Swelling — - — — 3 4.8
Calcination - — 22 28.9” 7 1145
Cysts - - 14 18.4* 3 4.8
Infarctions — — 3 4.0 1 1.6

Notes: * — probability of difference (p < 0.05) compared to the control group; ** — probability of difference

(p < 0.05) compared to group I.
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especially in complicated pregnancy (preeclampsia, threat
of abortion). Similar changes were observed in the index of
resistance in the uterine arteries in the compared groups of
pregnant women with thyroid pathology at 28—30, 35—37
and 38—40 weeks of pregnancy (Table 3).

The increase in the index of resistance in the uterine
arteries in pregnant women of group II (p < 0.05) and espe-
cially on the side of the placentation (p < 0.05) is noteworthy.

In the presence of combined severe forms of preeclamp-
sia, abnormal values of uteroplacental blood flow indices
were found.

At the same time, in most cases, the values of the vascular
resistance index were within the normal range in accordance
with the gestational age.

The fetal-placental circulation was studied by analyzing
the curves of blood flow velocities in the umbilical cord artery
(Table 4).

In pregnant women with thyroid diseases, the decrease in
the indices of peripheral vascular resistance of the umbilical
cord arteries was similar to the control group (p > 0.05).
However, with increasing gestational age, the peripheral re-
sistance of the placental microvasculature increased due to
involutional and dystrophic changes and circulatory disor-
ders (Table 4).

To determine the degree of fetal hemodynamic disorders
and fetal compensatory capacities in patients with thyropla-
sia, we evaluated the curves of blood flow velocities in the
aorta and in the fetal middle cerebral artery (Table 5).

In our studies, the absence of significant differences in
fetal cerebral circulation in the group of pregnant women
with thyroid disease did not differ from the control group
(p > 0.05). This can be explained by the fact that disorders in
the mother-placenta-fetus system against the background of
drug therapy aimed at normalizing fetoplacental and utero-

Table 2. Systolic-diastolic ratio in the uterine arteries (M = m)

Group
Indicator Controls, Euthyroid goiter (I), | Subclinical hypothyroidism (1),
n=25 n=76 n =63
Term in weeks
23-25 1.93 +£0.02 1.91 £ 0.03 2.01 £0.04
28-30 1.80 + 0.04 1.76 £ 0.04 2.24 £ 0.02%**
35-37 1.62 + 0.04 1.74 + 0.04* 1.98 + 0.04* **
38-40 1.62 + 0.04 1.72 + 0.03* 1.99 + 0.05* **
Side

Placentation 1.60 + 0.05 1.68 + 0.05 2.12 £ 0.04* ** ***
Nonplacentation 1.65 + 0.05 1.72 £ 0.04 1.98 + 0.05" **

Notes: here and in Table 3: * — probability of difference (p < 0.05) compared to the control group; ** — probability
of difference (p < 0.05) compared to group I; *** — probability of difference (p < 0.05) between the sides of pla-

centation in group II.

Table 3. Indicators of uterine artery resistance index (M = m)

Group
Indicator Controls, Euthyroid goiter (I), | Subclinical hypothyroidism (Il),
n=25 n=76 n =63
Term in weeks
23-25 0.47 £ 0.01 0.45 +0.02 0.50 + 0.02
28-30 0.45 +0.02 0.44 +0.02 0.52 + 0.02* **
35-37 0.40 +£0.02 0.42 £ 0.04 0.54 + 0.02* **
38-40 0.42 +0.03 0.40 + 0.03 0.516 + 0.020* **
Side

Placentation 0.44 + 0.01 0.42 + 0.03 0.53 £ 0.02% ** ***
Nonplacentation 0.42 +£0.02 0.40 £ 0.02 0.48 £ 0.01* **

Table 4. Systolic-diastolic ratio in the umbilical artery (M = m)

Group
Term in weeks Controls, Euthyroid goiter (I), | Subclinical hypothyroidism (I1),
n=25 n=76 n =63
23-25 2.61 +£0.04 2.60 = 0.05 2.63 £ 0.04
28-30 2.40 +0.02 2.48 + 0.04 2.50 £ 0.04
35-37 1.76 £ 0.02 2.13 £ 0.05* 2.01 £ 0.04*
38-40 1.90 £ 0.04 2.05 £ 0.04* 2.12 + 0.05*

Note: * — probability of difference (p < 0.05) compared to the control group.
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Table 5. Pulsatile index in the fetal aorta and middle cerebral artery (M £ m)

Group
Indicator Controls, Euthyroid goiter (I), | Subclinical hypothyroidism (Il),
n=25 n=76 n =63
Fetal aorta 2.36 £ 0.05 2.40 £0.05 2.42 +0.04
Fetal middle cerebral artery 1.62 + 0.06 1.70 £ 0.03 1.74 + 0.05
placental blood circulation, as well as the state of the mo- Conclusions

ther’s thyroid gland, led to compensatory centralization of
fetal blood circulation.

Discussion

Placental abruption, which has incidence of approxi-
mately 1 % [15, 16], is the premature separation of the pla-
cental lining from before delivery of the fetus [17]. Acute
lesions may not show evidence of ischemia; however, older
lesions may be accompanied by chorionic villi demonstrating
chronic infarctions with degenerated villi and thrombi [12].

Placentas from hypothyroid pregnancies had villous dys-
maturity, as observed in the different cases, and decreased
vascularization of villi [18].

The uteroplacental interface is susceptible to both throm-
bosis and hemorrhage, particularly in association with struc-
turally defective placentation. Several factors may mediate
such pathogenesis: tissue factor production in response to
aberrant vascular endothelial growth factor and inflamma-
tory cytokine release, which promotes thrombosis [13]. In
addition, shallow extravillous trophoblast (EVT) invasion
may lead to placental ischemia and hemorrhage generating
thrombin locally, which mediates the degradation of extracel-
lular matrix, thus triggering premature placental separation
[19].

How hypothyroidism might have a role in the pathoge-
nesis of placental abruption remains speculative. Triiodo-
thyronine affects trophoblast behavior, including promotion
of EVT invasion [17], so thyroid insufficiency at this critical
stage of placental development (11—16 weeks) might result in
shallow EVT invasion into maternal decidua and uterine spi-
ral arteries, leading to placental ischemia and abruption [4].

Abnormal thyroid status could influence immune-me-
diated processes that are critical in placentation as well as
other thrombogenic and hemorrhagic events at the utero-
placental interface. Outside the context of pregnancy, higher
concentrations of circulating thyroxine within the normal
physiological ranges directly enhance innate and adaptive
immunity in healthy individuals [6].

Thromboembolism and bleeding tendencies have been
associated with hypothyroidism, even in subclinical disease,
which could be mediated by defects in the coagulation-fibri-
nolysis system [7, 13].

In addition to abnormal thyroid function, the described
cases also involved high TPO-AD titers. The presence of
TPO-AD is associated with various non-thyroidal autoim-
mune diseases and altered immune responses globally [20].
Pregnancy involves a shift in the regulation of cytokine net-
works within the local placental-decidual environment, and
it is conceivable that dysregulation of inflammatory processes
in TPO-Ab-positive women is associated with abnormal pla-
centation and adverse pregnancy outcomes.

The study of Doppler blood flow in the mother-placen-
ta-fetus system showed significant disorders of placental matu-
ration with the presence of edema, cystic formations, placental
tissue infarctions, a high frequency of its diffuse changes and
an increase in the resistance index in the uterine arteries in
pregnant women with thyroid disease with the presence of
involutional dystrophic changes and circulatory disorders.

These studies make it possible to develop criteria for pre-
dicting and diagnosing the development of placental insuf-
ficiency in order to prevent perinatal disorders in pregnant
women with thyroid diseases.
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MNaeHok O.C.", MNMpowuok P.I2 MNaeHok A.B.", 3aaopoxHa b.B.", puvumiumH b.P.°, IrHarosuy C.B.*
" A\bBIBCKI HALIOHQABHU MEAVYHUWI YHIBEPCUTET iMeHi AQHUAQ [QAMLIbKOro, M. /AbBIB, YKpaiHa
2 HauioHaAbHM MeandH yHiBepcuteT imeHi O.O. boroMobLst, M. KuiB, YkpaiHa

3 AbBIBCbKQ OBGAQCHQ KAIHIYHQ AIKQPHSI, M. /\bBIB, YKpQiHQ

3B’930K PYHKLIT LLUUTOMNOAIGHOT 30A03U MaTepi
3 NACLEHTAPHOIO reMOAMHAMIKOIO MiA YAC BATTHOCTI

Pe3iome. IposeneHo obcrexxeHHs 164 BariTHUX XiHOK, Ki OyIu
po3nineni Ha Tpu rpynu. Jlo I rpynu ysiiinum 76 BaritHux (46,4 %)
3 eyTupeoinHuM 306om I—II crynens. JApyry rpymny cTaHOBUIU
63 xiHku (38,4 %) i3 cyOKIIHIYHUM TiMOTUPEO30M Ta TUGDY3HUM
3000M [—II crynens. TpeTs rpymna Gysna KOHTPOJBHOIO Ta CKJIana-
nacst 325 (15,2 %) BariTHMX €3 MaToJIoTil MTOMOAIOHOT 3a1031.
BuBuanu ctaH miaLeHTH i3 XapaKTepUCTUKOIO YIbTPa3ByKOBOL
rateHrorpadii, BU3HaYaIM MopyuIeHHs! 103piBaHHS TUIALEHTH,
TIJTOIILY, JIOKaJTi3allito, BUSIBJISIIN MAaTOJIOTIUHI 3MiHU TJTalleHTApHOI
TKaHUHU. OLIHIOBAIN 3MIHU CUCTOJIIYHO-A1aCTOJIYHOTO CITiBBiI-
HOILIEHHSI B MATKOBHUX apTepisiX, apTepisix MyrMoBUHU, BU3HAYAIIN
iHIEKC PE3UCTEHTHOCTI B MAaTKOBUX apTepisix Ta MyJbCalliiHui
iH/IEKC B a0pTi Ta cepeHiit MO3KOBIii apTepii 1J1oa 3a 101MoMoror
METO/y KOJIbOPOBOTO MOTJIEPiBCHKOTO KapTyBaHHSI KPOBOTOKY B
CHUCTeMi «MaTu — MJiaueHTa — Iutia». [1pu BuBYeHHi exorpadiu-
HOI KapTUHU CTPYKTYPHUX 3MiH IUIALIEHTU BUSIBJIIEHO BipOTiJHE

MOPYIIeHHS ii 103piBaHHS, 0OCOOIMBO B TPYTi 3 €yTUPEOiTHUM
3000M. YIIBTpa3ByKOBUIT CKPUHIHT BCTAHOBUB, 110 B KOXHOI IPYToOi
BariTHOI 3 TUpEOoMaTi€lo CTaH IJAalleHTU He BiAMOBigaB TEPMiHYy
BariTHOCTI, Bill3HAYaIMCsl HAOPSIKITICTh, KiCTH Ta iH(MapKTH IJia-
1IEHTH, BUCOKA YacToTa TU(MY3HUX 3MiH TUTAlleHTAapHOI TKAHUHMU,
rirnepexoreHHi BKJIIOUEHHST B HABKOJIOTUTIAHUX BO/MaX. 3BEpTaE
Ha cebe yBary MiBUILIEHHS iHIEKCY PE3UCTEHTHOCTI B MAaTKOBUX
apTepisix, OCOOJIMBO y BariTHUX i3 CYOKJIiHIYHUM TiMOTUPEO30M.
3i 30ibLIEHHAM TepMiHY recrauii nepudepuyHuii onip Mikpocy-
NMHHOTO pYycJia IUIAIEHTH TiABUIIYETHCS Y 3B’ 13Ky 3 iHBOIIOMI1-
HO-AUCTPOGIYHUMU 3MiHAMU Ta LUPKYJISITOPHUMU PO3JaiaMHu,
110 JO3BOJISIE PO3POOUTH KPUTEPii MPOTrHO3YBaHHS Ta iarHOCTUKU
J1aleHTapHol IUCGYHKI, MOonepennT NepuHaTaIbHi MOpyLIeH-
H$1 Y BariTHUX i3 TUPEOIIaTisIMHU.

Kio4oBi cjioBa: rinotupeos; mmTononioHa 3a103a; BariTHICTh;
rJalieHTapHa 1ucyHKIList; 1oTIepoMeTpis; riateHTorpadis
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Pereaa M.C.", Onekwwivi [1.B.2, Pereaa-Qypamyko M.M.?, Pereaa C. M.’
" AbBIBCBKMV HALIOHQABH MEAVNYHI YHIBEPCUTET iMeHi AQHUAQ [QAMLIBKOrO, M. /\AbBIB, YKpQiHQ
2 BITH3 «/\bBIBCbKUK MEANYHUA YHIBEPCUTET», M. /\BBIB, YKPQIHQO

MpoPIAaKTUKO IMMOOBIAI3ALLIMHMNX
CTpec-iHAYKOBOHUX npoLecis
AIMONepoKCUAALIl TO NOPYLUEHb
OHTUOKCUACQHTHOrO 30XUCTY
Npu PO3BUTKY €KCNepMMEeHTAOAbHOro
NAPOAOHTUTY

Pe3tome. AkTyanbHicTb. [1apofgoHTUT € OfHIEN0 3 HaviGIiNbLL MOLLUMPEHUX MaTosoriv cepes CTOMATONOMYHNX
3axBoproBaHb. 3arasbHOBU3HaHUM € DaKT, LLO CyrlyTHI 3aXBOPIOBaHHS Ta CUHAPOMM CYTTEBO 3MIHIOIOTL (hi3ioso-
ri4Hi poyecy B opraHiami, 3HVXKYHTb MOro agantayiviHi MOXIIMBOCTI Vi €heKTUBHICTb JiKyBaHHS, 34aTHi iHiliroBatn
abo aKTuBI3yBaTy NaTosioriYHnvi npoLec y napofoHTi. He MeHLL noLumpeHMn € NCuxXocoMaTnyHi 3axXBOPOBaHHS
i cTpec. HagmipHa i TpuBana gisi cTpec-ghakTopis, CTpec-peakuisi MoXe cTaTti OCHOBOIO [/1 PO3BUTKY XBOPOO.
HeBunB4eHuMy 3anmLuaroTbCsl MMTaHHS LWOoLZO naTogidionoridyHnx ocobnmBocTer 3MiH npouecis ninonepokcugadii
| @aHTMOKCUAAHTHOrO 3ax1CTy B NaTtoreHesi napofoHTUTY, noegHaHoro 3i ctpecom. Mera: 3'sicysatu natoghisio-
JIOr4HI OCOBJIMBOCTI MOPYLLUEHb MPOLECIB JlinonepokeuaaLii i aHTMOKCUZAHTHOIo 3axucTy B TKaHWHax napofoHTa
rpy PO3BUTKY EKCriepuMeHTarbHoro napofoHTuty (Er), acouiviosaHoro 3 immoo6inizaviviium ctpecom (IC), Ta
BCTaHOBUTU MOXJIUBICTb iX ¢hapMaKkonoriq4Hoi kopekuii 3a goriomororo Tioyetamy. Marepiann Ta merogn. Gynn
rpoBegeHi 6ioximidHi foCipKeHHs Ha 88 MOpPCbKkux CBUHKax (camusix) macoro Tina 0,18—0,21 Kr, skux yTpumyBasm
Ha cTaHgapTHOMY pauioHi, po3nogineHnx Ha m'sate rpyn. lNepLua — iHTaKTHI TBapyHW (KOHTPOSIL); Apyra — TBapuHu
3 ETl, wo mictuna 3 nigrpynu (BignosigHo Ha 3-Tio, 5-Ty i 15-Ty noby); Tpets — 1BapuHu 3 IC 3 3 nigrpynamu;
yeTBepTa — TBapuHN 3 noegHanum ErN i IC 3 3 nigrpynamu [o nikysaHHs; m'sita rpyna — teapuHun 3 EI1i IC nic-
7151 IiKyBaHHS TioLjeTaMoM, sikuii BBoguv B/M 'y o3i 250 mr/kr 1 pa3 Ha goby 3 6-i go 15-i gobu. Pesynbratu.
ETT acouyivioBaHmi 3 IC Ha ycix eTanax cBoro po3sutky (3-14, 5-1a, 15-1a goba), cynpoBOLXY€ETbCS OCTYNOBUM
3pocTaHHAM piBHSA gieHosux koH'torat (OK), manoHosoro giansgerigy (MOA) i komneHcaTopHuM nigBULLEHHSIM
akTuBHocTi cynepokeugamemyTtaau (COL) i katanaau (KT) Ha 3-Tio JOBY eKCriepuMeHTy, a Hagarsi ix cyTreBum
BHMXKEHHSAM Ha 5-Ty i 15-Ty goby, Lo CBig4YMIIO NPo PO3BUTOK OKCUAAHTHOrO CTpecy. 3acTocyBaHHs TioLetamy
npu3BoanIIO 40 3HWXXEHHS MPOAYKTIB MNePEeKNCHOr0 OKUCHEHHS NinigiB i NigBULLEHHS aKTUBHOCTI 3a3Ha4eHnx
PEPMEHTIB y TKaHMHax NapofoHTa, LYo CBIgYMIIO PO Vioro aHTUOKCUAaHTHUY Briave ripy ElN i IC. BUCHOBKM.
ETl, acoyiviosaHnii 3 IC, 3yMOB/ItoBaB nocuieHHs npoLecis sirnonepokeygadii Ha /i genpecii aHTMokeuaaHTHOro
3axXUCTy B TKaAHWHax napofoHTa, 0cobmBo Ha 5-Ty i 15-Ty JO6Y €KCrepUMEHTY rnPOTU KOHTPOJTIO, LLO CBIg4M/I0
PO HasIBHICTb OKCUAAHTHOIo CTpeCy. 3acTocyBaHHs TioueTamy rMpu3BoanIO [0 aHTUOKCUEAHTHOI gil (3HWXKyeETbCA
Bmict K, MAA i 3pocTtae aktusHicTe COL i KT y TkKaHuHax napofoHTa) 3a ymoB ghopmyBaHHs ET, acouivioBaHoro
3 IC, npotu rpynu TBapuH 63 KopekLii.

Kno4oBi cnoBa: iMvmo6iniaayiviHui cTpec; nepeKncHe OKUCHEHHs MinigiB; aHTMOKCUAAHTHA CUCTeMa; eKcriepu-
MeHTaslbHUV NapofoHTUT
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Bctyn

ChOroiHi 3anajibHi 3aXBOPIOBAHHS MAPOIOHTA € OJHIEI0
3 HalBaXXJIMBIIIMX MPOOJIEM CTOMATOJIOTII, OCKIIbKM Ma-
POIOHTHUT € HAKOIIBII ITOIIMPEHOIO MTATOJIOTIEO, 10 ypa-
»Kae ocido Mojonoro Biky [1, 2]. [Ipu 1iboMy 3axBOpioBaHHi
CTIOCTEPIra€eThCsl CXUIIBHICTD IO TIPOTrpecyBaHHSI, BUHUKA-
I0Th 3HAYHIi TPYAHOII B TOCSITHEHHI peMicii, BTpaTa 3y0iB
y 5 pa3iB OispllIa, HiXX 3a PO3BUTKY YCKJIATHEHOTO Kapiecy,
3HUXKYETHCS SKICTb XXUTTSI; BOHO BIUIMBAE Ha 3arajJbHUA
CTaH OpTaHi3My; IpHU IbOMY HasiBHA HEIOCTATHS KiJIbKiCTh
e(eKTMBHUX METOIiB 1iarHOCTUKM, JIIKYBaHHS i mpodinak-
TUKM, TOMY IIpobJjieMa Ma€E MEAMKO-COlliaJibHe 3HAUEHHS
[3, 4]. MommpeHicTh MAPOIOHTUTY B PI3HUX KpaiHaX CBITY
craHoBuTh Bin 50 mo 90 % [5, 6], a B YKpaiHi BUSIBISIOTH
6m3bko 80—98 % [7].

3apa3 B ysBJIEHHI ITPO €TiOJIOTiI0 3aMaJIbHUX 3aXBOPIO-
BaHb IMAPOJOHTA 3’ SIBUJIOCS TTOHSTTS PO (DaKTOPU PU3UKY,
HasIBHICTb SIKMX YiTKO IMiATBEPIXKYEThCS eMigeMiosoriv-
HUMHU nocaimkeHHs MU [8, 9]. DakTopu pU3UKY, 1110 Mil-
BUIIYIOTh iIMOBIPHICTh PO3BUTKY Ta YCKJIAJHIOIOTh Nepedir
MaToJIOTii MapOJOHTA 3aMaJIbHOTO XapaKTepy, MOAUISIOTh Ha
JIBi TPYIIU: HA HASIBHICTh SIKUX MU MOXEMO BIUIMHYTH; Ha
SKi M1 He MoxkeMo BIummHyTH [10, 11].

o mepioi rpynnu HajlexaTb: TirieHa Ta XapakTep Mi-
Kpodiopy poTOBOi MOPOXKHUHU, CTPEC, KYpiHHS, MiKpO-
eJieMeHTO3H1, immemiuHa xBopoba cepusg (IXC), oxupiHHs,
coMaTUYHa MaroJIoris, colianbHuii ctatyc. [IpoBinHa posb
cepesl HUX HaJeXUTh KYPiHHIO, HAsSIBHOCTI MTEBHUX MiKpO-
OpraHi3MiB pOTOBOI MOPOXKHWHU Ta YPAXKEHHIO CEPLIEBO-CY-
JMUHHOI cucTeMU. € 1aHi po MiABUILIEHUIT pU3NK PaHHBOT
MOSIBY MapodOoHTUTY y xBopux Ha IXC [12].

o inmoi rpynu ¢hakTopiB pU3MKYy, Ha sIKi MU HE MOXe-
MO TIOISITU, HAJIEXKUTb MOJiMOP(i3M reHa iHTepiIeiKiny-1,
4OJIOBiYa CTaTh, CTAPEUMii BiK, HETPOiTHA Ta JIATUHOAMEPHU -
KaHcbka pacu. OcTaHHi 1Ba (hakTOpy MOXYTh OYTH MOB’sI-
3aHi 3 OLTBIIOI0 MOIIMPEHICTIO Cepel LIMX IPYIl HACEIEHHS
HEJIOCTaTHbOI yBaru 10 Tiri€HU pOTOBOI MOPOXKHUHU, KY-
pinzs [13].

Bimomo, mo cepen mpoBimHUX (PaKTOPIiB PO3BUTKY 3a-
NaJbHUX i AUCTPODIYHMX MPOLECIB y TKAHMHAX MapOIOHTa
BUIUISIIOTH MiKpOOHUI (haKTop — OaKTepiaabHy KOJIOHI3a-
11i10 TPULIMIKOBOI MOBEPXHi 3y0iB y BUIJISAI «OaKTepiasib-
HUX OJISIIIOK» Ta iHBAa3i0 MiKpOOpraHi3MiB y TKAHUHU Iapo-
JIOHTA 3 BUIIJIEHHSIM Pi3HOMaHITHUX MEiaTOPiB 3aMaJeHHS
i (pakTopiB npoteomizy [14, 15].

3araJibHOTIPUIHSATUM BBaXKA€THCSI, 1110 CYMYTHIi 3aXBO-
PIOBaHHSI Ta CUHAPOMM CYTTEBO 3MiHIOIOTH (Pi3ioOriuHi
MPOIECH B OpPTraHi3Mi, 3HIKYIOTh MOTO aJanTalliiiHi MOX-
JINBOCTI i e(peKTUBHICTh JiKYBaHHSI, MOCUJIIOIOTH Mepedir
3arajeHHSI Ta PO3BUTOK YCKJIaIHEHb, a TAKOX y 85 % Bu-
MaJKiB 3MaTHI iHiLiFOBaTH a00 aKTUBI3yBaTH MATOJOTIYHUI
Mpolec y mapomoHTi [16].

3a ouiHKaMM (axiBIIiB, BiJl pi3HUX HEPBOBO-TICUXiYHIX
po3MaiiB CTpaxkaae KoKHUI TpeTiit ykpainensp [17]. Ctpec
PO3IISIIAETHCS SIK Heceu(iuHa peakllisi OpraHi3My, 110
BUHUKAE HA Mi10 30BHIIIHIX i BHYTPILIHIX MTOAPa3HUKIB,
peasi3yeTnbes SIK HeoOXiaHa JIaHKa iHAMBiIyaJabHOI amar-
Tallii opraHiaMy 1o cepegoBuina. Bimomo, 110 po3BUTOK
iMmobinizaniiitHoro ctpecy (1C) cynpoBoaXyeThCsI ak-
TUBALI€I0 CUCTEM TIPOTEOi3Y, MEPEKMCHOTO OKMCHEHHS

mimigiB (ITOJI), 3HMKEHHSIM aKTUBHOCTI aHTAIIPOTEIHA3-
HOTO i aHTUOKMCHIOBAJIbHOTO MOTEHIIialy Ta 3a1y4eHHSIM
LIEHTPAJIbHUX i IepudepUIHUX PEryIaTOPHUX MEeXaHi3MiB
[18, 19].

OcTaHHIMU poKaMU TOPSIA 3 BiTOMUMU KOHIIEIIIIMU
raToreHe3y 3arnajbHUX 3aXBOPIOBaHb MapoOJOHTA 3HAYHY
yBary npuauIsiioTh aKTUBI3allii TPOLIECiB JIiMONepoKCHUIallii,
IO CIIPUYMHSE OECTPYKIIiIO KIITUHHUX MEeMOpaH i 3aru-
6enb KIIITUH napogaoHTa. HekoHTposboBaHi peakiii [TOJI
MIPUTHIYYIOTh 3aXMCHI MexaHi3Mu opraHizmy. Lle Takox
CHpUsi€ aKTUBI3allil MiKpoOpraHi3miB, 110 KOJOHi3YIOTh
siCHa Ta MapoAoHTalbHi KuieHi [20]. HanmipHo Hakomnu-
yeHi npoaykKtu [TOJI momkomxyoTs MEMOpaHU KIIITUH
Ta BHYTPIIIHbOKJIITMHHI opraHeu. Lle cynpoBomXyeTbCs
JNECTPYKTUBHUMU 3MiHaMU TKaHWH, TillepeH3WHEeMI€EIO Ta
HAKOMUYECHHSIM TOKCUYHUX PeUyoBUH [21].

[Ipouecu I1OJI BimirpaloTh BaXKJIMBY pPOJIb HE JIMIIIE 3a
(izionoriyHUX yMOB, ajie il mpu naroJjorii. 3okpema, 3arma-
JIEHHSI, CTpec, TiMOKCisl, ajepris 3yMOBIIIOIOTh MOPYILIEH-
Hsa piBHoBaru Mix [1OJI i aHTMOKCHMIAHTHOIO CUCTEMOIO
(AOC), 1110 € 0HIi€IO 3 KJIIOUOBUX JJAHOK MaToreHe3y bara-
THOX 3aXBOPIOBaHb [22].

3’sicoBaHoO, 1110 TBAPWUHU, SKi TiHaBagiucs aii cTpecy,
OLIBII YYTJAMBI 10 pi3HUX iHDEKIIii, 0COOIMBO A0 Bipycy
Herpes simplex, nonimienity, Kokcaki B ta inmux. Haii-
LIBUJIIE PearyiTh Ha CTPECOBi YIIKOIXKEHHS TUMYC Ta
inm nimgoinHi opranu. Ilpu XxpoHiYHOMY CTpeci 3MeH-
IIYEThCSI PE3UCTEHTHICTh TBAPUH A0 MPOTUMYXJIUHHOTO
POCTY, CIIOCTEPIiraeThCA CIIal IIPOTUMIKPOOHOTO iMyHIiTe-
Ty, 3HUKEHHS IUTOTOKCUYHOI Ta KiJiepHOi pyHKT T-1imM-
¢ouwutiB, akTuBHOCTI NK-kiitun. CtymiHb iMyHoaemnpecii
3aJIeKUTh Bill CUJIM i TPUBAJIOCTI /il cTpecopa, a TaKox
MOB’sI3aHUM 3i 30ibIIIEHHAM KOHILEHTpALlil IJTI0OKOKOP-
TUKOITHUX TOPMOHIB Y CUPOBATIIi KPOBi, ITIepepO3MOmiIOM
JiMbouuTis [23].

3araJbHOBU3HAHUM € (PaKT, 110 TOCTPUL CTPEC 3yMOB-
JIFOE 3HMXKEHHSI MPOTUiH(MEKIIHHOTO Ta MPOTUITYXJIMHHO-
ro iMyHITeTYy, a XpOHIUHUI CTpecC Bele A0 PO3BUTKY BTO-
PUHHOTO iMyHONEehIIIUTY, SKUI MOXe MaTh MOIITOBX 10
¢dopMyBaHHS iHMEKUIMHUX, OHKOJOTIYHUX, aBTOIMYHHUX
3aXBOPIOBaHb a00 3arOCTPEHHS XPOHIYHOI ITaToJIorii [24].

BonHouac HegocTaTHbO HAyKOBOIT iH(OpMallii 111010
maTo(i3ioJ0riYHUX 0COOJIMBOCTEM 3MiH IIPOLIECIB JIiMmomne-
POKCHIALIil i aHTUOKCUIAHTHOTO 3aXHUCTY 32 YMOB PO3BUTKY
ekcnepuMmeHTanbHoro rnapoaoHTuty (EIT), acouiiioBanoro
3 IC, y nuHamitli ix popmyBaHHS Ta He 3’sicOBaHa y4acTh
LIMX TIPOLIECIiB y MaTOreHe3i 3anajbHOro ypaxkeHHsI TKAaHUH
TapoIOHTa Ta CTPecCYy.

o KiHLS He 3’sICOBaHi MUTaHHSI CTOCOBHO YJacTi OJi-
HOTO 3 MOJIEKYJISIPHUX MEXaHi3MiB MOIIKOMXKEHHS KIIiTUH,
110 OXOTUTIOIOTh OKCUIAHTHI i1 aHTUOKCUIAHTHI TTPOLIECH,
B natoreHe3i ¢opmyBanHs EIl, moegnanoro 3 IC, 1o ta
TTiCJIst iX JIIKyBaHHSI.

Tomy MeTa HaIIOTO AOCTIIKEHHsT — 3’sIcyBaTH natodi-
310JI0TiYHI 0COOIMBOCTI 3MiH IIPOLECIB JIIIIOMIEe POKCHAAIIIT
I aHTUOKCUIAHTHOTO 3aXMCTY B TKAHMHAX MapodOHTa B
MaToreHe3i eKCIEePUMEHTATIbHOTO MapOJIOHTHUTY, aCcOlli-
OBaHOTO 3 iIMMOOITi3alliiHUM CTpecoM, Ta BCTAaHOBUTHU
MOXJIMBICTb 1X (DapMaKoJIOTiYHOI KOPEKIIii 3a 1OTTOMOT0I0
TioleTamy.
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MaTepiaAn Ta MeToAmn

[ peanizaltii 1iei MeTr poOoTH OyJIM MPOBEIEHI eKC-
HepUMEHTaJbHi JOCIIIKEeHHS Ha 88 MOPCHKUX CBUHKAX
(camisix) macoto Tina 0,18—0,21 Kr, IKMX yTpUMYyBaiu Ha
CTaHJIAPTHOMY palioHi. MopchkKi CBUHKU OyJii 00paHi ye-
pe3 Te, 10 CIAYTYIOTh KIIACUYHUM 00’ €KTOM IS BiITBOPEH -
Hs i BUBYEHHSI 3alaJIbHUX, aJepriYHUX MPOLIECiB, CTPeECY.
Bonu Oynm posmominieHi Ha II’ITh TPYII, 110 MIiCTWIN I10
3 migrpynu (1o 8 y KOXHiii): repiiia — KOHTpoJIb (IHTaKTHi
TBapuHM); npyra — tBapuHu 3 EIl 3 moxinom Ha 3 migrpymnu
(BimmoBinHO Ha 3-Ti0, 5-Ty i 15-Ty 10Oy €KCIIEpUMEHTY);
TpeTst — TBapunu 3 1C i3 3 minrpynamu (Ha 3-Tio, 5-Ty i
15-Ty moOy ekcriepuMeHTy); yeTBepTta — TBapuHu 3 EIT i
1C i3 3 miarpynamu (BinnosinHo Ha 3-Tio, 5-Ty i 15-Ty 100y
eKCIIEpUMEHTY IO JIIKyBaHH:); I1’sgta — TBapuHu 3 EIl i
IC Ha 15-Ty 100y eKCreprMMEeHTY TTic/s JiKyBaHHS Tiolle-
TaMOM, KM BBOAWIIM BIIpomoBX 10 nHiB (3 6-1 Mo 15-T1y
100Yy) BHYTPIillTHbOM 513080 y 103i 250 Mr/Kr 1 pa3 Ha 100y.
Came B 11eii riepion (5-Ta, 15-Ta 106a) eKcnepuMeHTy 0yJ10
BCTaHOBJIEHO cyTTeBi 3MiHU noka3HuKiB [TOJI i AOC 3a
YMOB iX MOE€HAHOTO Mepediry 3 pO3BUTKOM OKCUIAHTHOTO
crpecy. Mu BuKopucTtanu Taky mo3y npenapaty npu EIT i
IC Ha mincraBi JaHMX TIPO MOro 3aCTOCYBAaHHS y TBApUH 3a
MEXaHiuHOi TpaBMM 3 MAaCHMBHOIO KPOBOTEYOIO, MPU SKiii
HasBHUI peaKTUBHUI 3amaJIbHUI Ipoliec Ta cTpec [25].

3 MeTOoI0 KOpeKIlil 3MiH MPOOKCUAAHTHOI i aHTMOKCH-
nantHoi cuctemu 1ipu EIT i IC Mu 3actocyBanu npenapar
TiolleTaM, SIKMiA Ma€e aHTMOKCUIAHTHi, MPOTU3anaibHi,
MPOTUHAOPSIKOBi, aHTUTIMOKCUYHI, IMyHOMOYJIIOIOUi, e~
3iHTOKCHUKALIiiiHI BJacTUBOCTI [26].

3’s1coBaHoO, 1110 BBEIECHHS TiolleTaMy IiypaM 3 MacHUB-
HOIO KPOBOBTPATOIO, MOETHAHOIO 3 MEXaHIYHOIO TPAaBMOIO Ta
ilemiero-penepdysi€o KiHIiBKY, TOPiBHSIHO 3 TBApUHAMM
0e3 KOpeKllii BXXe B paHHbOMY ITiCIIITpaBMAaTUIHOMY ITepiofi
cripusie 30UTBLIEHHIO CTIMKOCTI aHTUOKCUIAHTHOI JIAHKH 3a-
XHUCTY i MiHIMi3Y€E TTOPYIIEHHS ITOKA3HUKIB IIyTaTiOHOBOI aH-
TUIMEPOKCUIA3HOI CUCTEMHU, 3MEHIIIYE MPOSIBUA MEePOKCUIALIIT
JIiTTIIB Ta OKCUIHOI MoaMikallii OiIKiB, TaK caMo, sIK i cTadi-
JIi3y€ BMiCT KpeaTUHiHY, CCYHOBUHU Ta TIPOSIBU LUTOJI3Y [27].

Bynu o6pani ¢ikcoBaHi ctpoku — 3-14, 5-Tta i 15-Ta
nmoba 11 ekcrepuMeHTy 3a yMoB po3BUTKY EIT i IC sk ok-
peMo, Tax i B IX MOETHAHHI A0 Ta MiCJsl JiKyBaHHS TioLeTa-
MOM, IIIO BiANOBiaaM CTamisIM TOCTPOI 3aITaJIbHOI BiAIIOBIi,
SIKi OXOTLTIOBAJIM PO3BUTOK XBOPOOH, PO3ITall i 3SMEHILIEHHSI
KJIIHIYHUX MPOsIBiB, peKOHBaJECIEHIIiIO i pernapaliilo, Ta
cranisim ctpecy: 3-Ts 1006a Binmosifgana crajii TpuBoru, S-ta
noba — cTafii pe3aucTeHTHOCTI i 15-Ta no6a — crajii BUCHa-
KeHHsI. [HTakKTHMX TBapyWH IeKamiTyBaIH I TiOIEHTaIO-
BUM HapKO30M, SIKWii BBOAWIM y 1031 40 MI/KT MacH Tija, a
TaKOX JIEKAIMMiTyBaJIi eKCIIEPUMEHTAIbHUX TBAPUH Ha 3-TIO,
5-ty i 15-Ty mooy possurky EIl i IC mo Ta micist 3acTocy-
BaHHS IIpernapaTy TiolleTaM i 3a0Mpaiy TKaHMHU MapoAoHTa
JUTSI TIPOBEIEHHSI 0i0XiMIYHMX JOCITiKEeHb.

MonemoBanns EIl mosisirae y Tomy, 1110 TBApUHM Me-
peOyBanm Ha mi€eTi, s1Ka mictuiaa 1 r cyxoi miodinizoBaHoi
MEYiHK1 BeJIMKOI poratoi Xyno6u, 10 r cyXxoro 3HeKHPEHOTO
mouoka i 20 r cyxapiB. [lieTa Oyna po3paxoBaHa Ha OTHY
o0y It omHiel MopchKoi cBUHKU. Monenb IC BinTBOpIO-
BaJIM IIUISIXOM HeTpaBMaTUYHOI (pikcallil TBApMH Ha CIIMHIL
BIIPOJIOBXX TPHOX TOJIMH.

[Ipouecu nimonepoxcunaiiii i AO3 BuBYaIM 32 BMiCTOM
nieHoBux KoH’1orat (1K), mamonosoro nianbaeriny (MIA),
akTuBHicTIO cynepokcunaucmyTasu (CO/l), katanaszu (KT)
y TkaHnHax napogoHTa ripu EIT i IC okpemo Ta B ix moen-
HaHHI 10 Ta MicJIsg KOPeKIIil TiolleTaMOM.

Busnauennss MJIA npoBoaWIN LIJISIXOM BHECEHHS Y
po6ipky 0,5 Mt cupoBatku Kposi (0,5 MJI roMOreHaTy TKa-
HuHK) Ta gogasaiu 5,0 mi 20% pozunHy GpochOopHO-BOJIb-
(pamMoOBOI KUCIIOTH, TIOTIEPEIHBO TTEPEMILIIyBaIM Ta 3aJIM -
1] B XOJIOAMIBHUKY Ha 15 xB. 3romoM LeHTpudyryBaIn
3a Temnieparypu 4 °C 15 xB ipu 2500 06/xB. [ToTim 3nmuBanun
HaloCaaHy PioluHY, a 10 ocaay AoaaBaau 2,0 M JUCTUIbO-
BaHoi Boau, 1,0 M1 0,8% po3unHy Tio6apOiTypOBOI KMCIOTH.
PetenbHO mepeminnyBaiu, ctexauu 3a pH cymini, repme-
TUYHO 3aKpUBAJIM KOPKaMU Ta iHKyOyBaiu mpoou 60 xB Ha
BoasHil 6aHi 3a 100 °C. IToTiM TTpoGipKK OXOJIOMKYBaIHN Ta
uenTpudyrysamu pu 6000 06/xB ripotsarom 10 xB. OnTuaHy
I'YCTHHY PEECTPYBaJIM B LIeHTpUYraTi Ha CrieKTpodoTome-
Tpi 3a YMOBU IOBXUHM XBWJIi 535 Ta 580 HM 1JIsT BUKITIO-
YeHHSI ONITUYHOTO TIOTIMHAHHS 3a6apBIEHNX KOMILIEKCIiB
Ti06apOITYpOBOI KUCIOTU peYOBMHAMM HEJIiMiTHOI TPUPOIN.

Buznauenns /1K momsirano y Tomy, mo go 0,2 v rras-
MM KpoBi (0,2 M roMoreHaTy TKaHUHU) JOJABaJIM CyMilll
2,0 mu i3omporrisioBoro crupTy Ta 2,0 M rentany. [Totim
CTpyIIyBaji BIpoaoBxX 15 xB. [lami momaBamm 1,0 M1 po3du-
HY xJIoprcToBoaHeBoi KuciaoTtu (pH 2,0) ta 2,0 M rerraHy.
3noBy cTpymryBanu. Yepes 30 XB ITic/Is BiICTOIOBaHHS Ta
posiliapyBaHHS (a3 BigOMpaiv BepxHiii renTaHOBUIA 11ap i
B HbOMY BM3HA4YaJId ONTUYHY TYCTUHY TIPU JOBXWHI XBUJTi
233 HM MPOTU KOHTPOJI0. SIK KOHTPOJIb 3aCTOCOBYBAIU
3pa3ok, Y IKOMY 3aMiCTb I1a3Mu KpoBi € 0,2 MJI1 BOAu.

AxtuBHictb COJl Bu3Havanu 3a merogom R. Fried.
[lonepenHbo MiArOTOBISUIM peaKiliiiHy CyMilll, 3Milllyl0-
g 1,2 M 0,15 M docdaraoro oydepa (pH 7,8), 0,1 ma
0,16 MM ¢enasunmeracynbdary, 0,3 ma 0,61 MM HiTpocu-
HBOTO TeTpa30J1iro. 3rogoM BHocwIM 0,3 MJT JOCTiIKyBaHOT
cupoBatku KpoBi (0,3 MJI roMoreHaty TKaHUHM) J10 11i€l
cyminri. Yepes 1 xB peakiiito 3ynuHsuiu 1,0 MJI KOHIIEHTPO-
BaHOI OLITOBOI KUCIOTA. ONITUYHY TYCTUHY BU3HAYalu Ha
crieKTpodoTOMEeTpi Ipu AOBXKMHI XBUIi 540 HM. AKTUBHICTh
CO/I 6yna BupaxeHa B y.0/MJ (T).

AktuBHicTs KT Busnavanu 3a metomom R. Holmes,
C. Masters. CrioyaTKy HiATOTOBISUIM PEAKLiAHY CYMIilII:
1,9 man 0,05 M docdarnoro oydepy (pH 8,0), 1,0 ma
30 MM po3uuHy nepoxcuay BoaHio. 1o 1iei cymilri goma-
Basu 0,1 cupoBaTku KpoBi (0,1 Ma roMoreHaTy TKaHWHN),
CTPYIIYBaJIM Ta yepe3 15 XB BU3HAYAIU ONTUYHY T'YCTUHY
Ha CIeKTpoOTOMETPi B KIOBETI 3 TOBKMWHOIO ONITHYHOTO
murstxy 10 MM ripotu Bomu 3 iHTepBasioMm 60 ¢. BusHavyamm
aKTUBHICTb KaTaja3u B M.0/MJI (T).

151 OTpUMaHHS TOMOTeHaTiB TKAHWH IMapoI0HTa Y MOP-
CbKMX CBMHOK 3a0Mpasiv IIMAaTOYKN TKAaHUH MapoIOHTa
IIUISIXOM BUCiueHHs yepe3 1—2 XB micis 3206010 TBapHH. 1x
30epirajiu BIPOIOBXK 5—6 XB Ha JIbOi, a MOTIM 3HEKPOB-
JIIOBaJId OaraTopa3oBolo Nepdy3i€io 0XOIomIKeHNM (Pi3i-
OJIOTIYHUM PO3YMHOM 3a AOTIOMOTOIO TOJKU i IImpulia i
MOAPiOHIOBAIM HOXUIIIMU. 3BaXKyBaJIM MOAPIOHEHY TKa-
HUHY i TOMIILIAJIK Y CKJISTHUIA TOMOTEHi3aTop 3 Te(IoHO-
BuM TiecTukoM (MPTY-42 1505-63). IMoMilany CKISHKY
rOMOTEHI3aTOpa y MillleYOK 3i IIMAaTOYKaMU JIbOJY TTiJ] Yac
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roMOTIeHi3allii 1S 3arobiraHHsa HarpiBaHHIO. [1poBommmm
rOMOTeHi3allito TKaHUHU BIpoaoBx 30—50 ¢, pobJistuu Kijib-
Ka pyXiB CKJISTHKOIO BBEPX i BHU3; IIBUAKICTh OOEPTaHHS
nectuka 800—900 06/xB. 17151 roMOTreHi3allii cepe1oBUIeM
0yB oxonomxkenuit 5 MM tpuc-HCL 6ydep pH 7.4, i xiH-
1IeBe PO3BelIeHHSI TOMOTeHaTy CTaHOBWIIO 1 : 9.

OpepkaHMil TKAHUHHUIT TOMOreHaT (iIbTpyBajiv uepes
2 mapy MapJi B IIpoOipKu 1151 HeHTPpU@YryBaHHS. 3 METOIO
OTPUMAaHHS IIiIJIbHOT pakilii i BUJaJeHHST He MOBHICTIO
3pYMHOBAHUX KJIITHH i siiep TOMOTeHaT LeHTpUyryBalIn
10 xB mpu 3000 g (t = 0 £ 2). [Tin yac mocaimkeHb 3aCTOCO-
BYBaJIM HAZOCAJA0BY PilMHY.

Cmamucmuute onpayr08aHHs OMPUMAHUX Pe3yabmamie.
Yci yncnaoBi pe3yabTaTy MiagaBajJvM CTaTUCTUYHOMY OIlpa-
IIIOBAaHHIO 3 BUKOPUCTAHHIM CepeaHbOI apruMETUIHOT
(M), moxubxu cepenHboi apuMeTUIHOI (M), KpUTEPito
CrproneHTa t. Po3paxyHKy BUKOHaHi 3 BUKOPUCTaHHSIM 3a-
c00iB CTaTUCTUYHOTO Ta rpachiYHOro aHaIi3y eJIEKTPOHHUX
a6k Microsoft Excel makera mporpam Microsoft Office.

PesyAbTaTU

Mg 3’ sacyBanHs ocoomBocteii 3miH [10J1 i AOC B TKa-
HUHax napoaoHTa BuzHavaau BmicT JIK, MJIA i akTuBHiCTb
CO/ i KT nipu EII. 3a ymoB po3Butky EIl (Ha 3-Ti0, 5-TYy
i 15-Ty no0y) BinoyBaerbcs niaBuieHHs BMicTy JIK y Tka-
HMHAX MapojoHTa BignosigHo Ha 51,6 % (P < 0,05), 75,8 %
(P <0,05) i 58,2 % nopiBHsiHO 3 KOHTpoJsieM. Lle cBiqunTh
Mpo cTabijibHE 3pOCTaHHS ONHOTO 3 MEPBUHHUX MPOAYKTiB
T10J1, mo Oyiio HaibinbIIe BUpaxkeHO Ha 5-Ty 100y eKcre-
PUMEHTY 1 BiIMOBigaa0 CcTaii po3naiay rocTpoi 3anajibHO1
Bimmosini (Tabu. 1).

Busnauenns kinuesoro metaboutity [1OJI, a came MJIA,
J1aJI0 3MOTY BUSIBUTHU ¥ioro 3poctaHHs npu EIT (Ha 3-Tio,
5-ty i 15-1y no6y) BinmosigHo Ha 33,8 % (P < 0,05), 64,4 %

(P<0,05)i37,2 % (P < 0,05) MOpiBHSHO 3 TIEPILIOIO IPYIIOI0
TBapuH. Lle BKa3zye Ha HajMipHe HAKOMMMYECHHS MPOIYK-
tiB [10JI, mo nmepeBaxaio Ha 5-Ty 100y €KCIIEpUMEHTY
(Tabn. 1).

lNnepnpoaykiiisi MeTabOMITIB JiMONePOKCHUAALLiT 3yMO-
BWIA CYTTEBI 3MiHU cTaHy (hepMEHTATUBHOI JJAHKU aHTU-
okcuaaHTHoi cuctemu nipu EIT.

HaMu kKoHCTaTOBaHO KOMITEHCATOpHE IMiIBUIICHHS
aktuBHocTi COJl i KT y TKaHMHax mapoJoHTa Ha 3-TiO
i 5-Ty moOy 3amnajabHOro Ipoiecy BianosigHo Ha 30,5 %
(P <0,05), 29,6 % (P <0,05) ta 24,2 % (P <0,05), 21,3 %
(P < 0,05) 3 moganpiuM (Ha 15-Ty 100y) MOMITHUM 3HU-
xeHHsAM aktuBHocTi COJl Ha 22,0 % (P < 0,05) i KT — Ha
25,8 % (P < 0,05) mopiBHSIHO 3 rPYyIMOI0 iIHTAKTHUX TBApUH
(Tabm. 1).

JocnigkeHHsT 3a3HaYyeHuX Bule mokadHukiB [TOJI y
TKaHMHax napoaoHTa npu 1C BUSBUIO TTIOMIiTHE 3pOCTaHHS
ix Ha ycix eranax ekcriepuMmeHTy (3-Ts1, 5-Ta, 15-Ta 106a),
sokpema JK Binmosinno Ha 76,9 % (P < 0,05), 67,0 %
(P<0,05), 60,4 % (P <0,05) Ta MIA nHa 38,9, 30,5, 26,5 %
(P < 0,05) mpoTu KOHTPOJBHOI I'PyMU TBAPUH 3 JOMiHY-
BaHHSIM Ha TIepliil cramii (TpuBoru) crpecy (tadi. 2). Lle
MOXHa IMOSICHUTHU TUM, 1110 peaKllisi TPUBOIM PO3IJISIIAETHCS
SIK HeTaTMBHA MOOiTi3allisl 3aXMCHUX CUJI opraHizmy. Llei
MPOLIEC CKIAMAETHCS 3 (Pa3u HIOKY i MPOTUILIOKY, SIKa CYITPO-
BOJIXKYETHCS CTIKMM MiIBUILEHHSIM CEKpeLlil KOPTUKOTPO-
TMiHY i KOPTUKOCTEPOi/liB, BIULIMBOM CTPECOPHUX TOPMOHIB
Ha nokazHuku [TOJI.

HangmipHe HakonmueHHS TOKCUYHUX METa0O0iTiB JIimo-
repoKcuaalii 3yMOBIIIOBAJIO KOMIIEHCATOPHE TiABUIIIEHHS
aktuBHocTi COJl i KT Ha 3-110 i 5-TY o0y IC Bigmosin-
Ho Ha 31,1, 27,3 % (P < 0,05) i 23,7, 21,6 % (P < 0,05)
(ta6a. 2). Le Binmopinano nepiuiii i apyriii cTanii (TpuBoru
1 pe3UCTeHTHOCTI) CTpecy 3 MOJAIbIINM 3HIKeHHSIM (15-Ta

Ta6rmys 1. Ymict npoayktis MOJ]1 Ta akTuBHicTe (hepmeHTiB AOC y TKaHUHaxX napofoHTa rpu EI

Bup pocnipxenHs Tpu;ggiacn, Kig:;i::b HMOJ1nb|I(I\;I.I1 (r) Hmonjfllbn/{;\nh (r) y.C():I(M)ﬂ ,(r) M.oll(n;lrﬁ (r)
IHTakTHa rpyna TBapuH KoHTposb 8 9,1+0,2 17,7 +0,7 91,2+2,2 37,9+1,2
3-Ta noba 8 13 ’S 6:8’54 ZS’Z 33:’53 1 ?39’<1 01:0%3 4|Zl 3(1)53

EN 5-Ta po6a 8 13 S 6:855 28 l 3(1)54 1 :38;20%025,3 4I§(<) 3(1)52
tsramsa | 8 | Plgor | Ploos | Peoos | Peogs

Mpumitka: P — BiporigHicTe pi3HULi Noka3HWKIB npy nopiBHsaHHI EN 3 pe3ynbtatamuy y KOHTPOJbHIN rpyni.

Ta6bnuys 2. Ymict npoaykris INOJ1 Ta akTuBHicTb ¢hepmeHTiB AOC y TKaHMHax napogoHTa rnpu IC

Bun pocnipxenHn Tpu;ca)g;cn, Kj'g::i::b HMO.nnb'/(l\;ln (r) Hmoﬂﬂah (r) y.ggﬂ () M.Oll(l\;lr;l (r)
IHTaKTHa rpyna TBapuH KoHTponb 8 9,1+0,2 17,7 £ 0,7 91,2+2.2 379+1.2
3-Ta fjoba 8 18 l 3855 2;3 3853 1 :39;60%025,3 483 3(;52

IC 5-Ta jo6a 8 B2 3,8’55 i 3,(1)53 B oi,025’2 b 8;,(1)&’32
tsramsa | 8 | BCoor | Floos | Peoss | Peoos

Mpumitka: P — BiporigHicTb pi3HULi NOKa3HUKIB rnpy nopiBHsHHI IC 3 pe3ynbTatamu y KOHTPOJIbHIA rpyni.
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100a) iX aKkTUBHOCTI BianoBinHo Ha 18,91 25,5 % nopiBHSIHO
3 iHTaKTHOIO rpynoto TBapuH. CriocTepirajiv CyTTeBE 3HU-
JKEHHSI aHTUOKCUJAHTHOI CUCTEMU i HEe3/IaTHICTb 11 MOBHi-
CTIO HEWTpasidyBaTH BEJIUKY KiTbKicTh mpoaykTiB [TOJI
3 PO3BUTKOM OKCHUJIAHTHOTO CTPECY Ta MOro maToreHHUi
BIUIMB Ha TKAHWHU TTapOJIOHTA.

BaxxnuBe 3HaueHHS 1151 OUIBIIOTO PO3YMiHHS OKpe-
MUX MEXaHi3MiB pO3BUTKY XBOPOOU MAa€ NOCIIIIKEHHSI, SIKE
cTocyBaJlocs 3’SICyBaHHsI OCOOJIMBOCTEI 3MiH TTOKa3HUKIB
OKCHIAHTHOI i1 aHTHOKcuaaHTHOI cuctem npu EIl, acori-
oBanomy 3 IC.

Mu 3’sacyBanu, 1o MaHigecrartist moeaHanoro EITi IC
(3-Ts1, 5-Ta, 15-ta 106a) CyNnpPOBOMKYETHCS MOCTITOBHUM
3poctaHHsIM BMicTy JIK y TKaHMHaxX MapoaoHTa BiAIOBiI-
Ho Ha 79,1, 85,7, 95,6 % (P < 0,05) i MJIA Ha 40,6, 70,6,
74,5 % (P < 0,05) mpoTu mepiioi rpymnu TBApUH, 110 CBi/-
Y0 TIPO iHTeHCUiKallilo IIPOLIECiB JiMmonepoKcuaaii
B YCiX mepiofgax po3BUTKY Ili€i Momesi XBOpoOH i cTpecy 3
nepesarolo Ha 15-Ty 100y ekcrepuMeHTy (Tao. 3).

s rinepnponykuist Mmeta6omitiB [TOJI cipuunHuna
CYTTEBUI BIUIUB Ha (hepMEHTATUBHY CUCTEMY aHTUOKCH-
JaHTHoro 3axucTy. Ha mepimx eranax (3-1s 1o6a) popmy-
BaHHs EIT i IC BinOyBanocst 3poctanHst aktuBHOCTI COJ1
Ha 28,9 % (P < 0,05) i KT — Ha 26,1 % (P < 0,05), a Hagaui
(Ha 5-ty i 15-Ty 100Yy) OYyB BUSIBIICHUIT OKCUJAHTHUI CTpecC,
SIKUI IIPOSIBIISIBCS IIOMITHUM 3HIDKeHHSIM akTuBHOCTI COJ]
BinmosigHO Ha 28,6, 49,6 % (P < 0,05) i KT — Ha 36,1,
53,5 % (P < 0,05) mopiBHSIHO 3 MEPIIIOI0 IPYITOK TBAPHH
Ha TJIi HaAMipHOTO ITiABUIIEHHS MTePBUHHUX i KiHIIEBUX
npoayktiB [TOJI. Lle cBinunUTh Mpo HasIBHICTb MOJIEKYJISIP-
HOro (JIiImigHOro) MexaHi3my ITOIIKOMXKEHHS KJIiTUH Ta
oro rMaToreHHUH BIUIMB Ha Nepedir mapogoHTUTY i CTpecy
(Taba. 3).

3acTocyBaHHS TiolleTaMy 3 JIiIKyBaJbHOIO METOIO P~
Bonusio A0 3HuXkeHHs BMmicty JAK i M/IA B TKaHMHaX ma-
ponoHTa BigmosigHo Ha 35,9, 35,5 % (P < 0,05) ta min-
ButiieHHs1 aktuBHocTi COJl Ha 77,3 % (P < 0,05) i KT Ha
78,9 % (P < 0,05) momo rpymnu tBapud 3 EIT i IC Ha 15-1y
o0y eKCIIepUMEHTY, sIKi He ITiIIaBalics BIUIMBY IIbOTO
npenapary. Lle miaTBepakye ioro aHTUOKCUAAHTHY [il0 Ha
MOopYIIeHi MeTaboJIiuHi ITpolecy 3a YMOB (pOpMyBaHHSI 1Ii€l
eKCIepUMEHTAIbHOI MOJIeJIi XBOpoOU Ta cTpecy (Taoi. 3).

Otxe, TIpoBeeHI HaMM Oi0XiMiUHI JOCIiIKeHHS I10-
ka3HuKiB [TOJI i AOC y TkaHMHaX MapoJOHTa B JUHAMIlli
po3Butky EII i IC okpemo Ta B ix acomiawii miaTBepauIn
(bopMyBaHHST OKCUIAHTHOTO CTPECY, IKMil BUHUKAB ITi3HillIe
B YMOBaX iX i30JIbOBAHOTO Mepediry, HixX y Mo€AHaHHI, TIPO-
TU KOHTPOJIbHOI TPYITM TBapYWH, 1110 CBITYUTDH MTPO BAXKITUBY
POJIb MOPYLIEHUX MPOLIECiB JIiMonepoKcHuaailii i aHTUOKCH-
MTAHTHOTO 3aXMCTY B ITATOTeHe31 i€l MoIeIi XBOpoOu i cTpe-
Cy 110 JIiKyBaHHsI. 3aCTOCYBaHHSI TiolleTaMy MPU3BOIMIIO 10
3HIMKEeHHS piBHS npoayKTiB [1OJI Ta migBUIIEeHHS aKTUB-
Hocti CO/JI i KT, 1m0 cBigunTh po 10ro aHTMOKCUIAHTHY
NIi10 Ha 3MiHEeHi MeTabOoIiuHi MpollecH 3a YMOB PO3BUTKY
EIl, acouiitoBanoro 3 IC.

O6rosopeHHs

OTpuMaHi HaMU pe3yJIbTaTH TOCTiIKEHb TKAHUH TTapo-
IIOHTa 3a yMOB po3BUTKy EIl BusBMIM moCTiiiHe 3pocTaHHS
npoayktiB [TOJI Ha ycix erarnax iioro po3BuTKy (3-1s, 5-Ta
Ta 15-Ta noba) Ta KOMIIEHCAaTOPHE MiIBUILIEHHS (DepPMEHTIB
AHTUOKCHIAHTHOI CUCTEMHU Ha 3-Tio, 5-Ty 100y 3aMajibHOTO
MPOLECY B MAPOIOHTI 3 HACTYNMHUM (15-Ta 1006a) MOMITHUM
s3HkeHHsIM akTuBHOCTI CO/l i KT mpoTtu iHTakTHOI rpynin
TBapuH. Lle cBiIUMUTh PO PO3BUTOK OKCUIAHTHOTO CTPECY,
03HAaKM SIKOT0 OyJId HalOiIbIIe BUpaxKeHi IMpU 3araJlbHOMY
Mpolieci y TKaHWHaxX MapojoHTa Ha 15-Ty no0y ekcriepu-
MEHTY, 1 MOX€ BKa3yBaTU Ha y4yacTb OJTHOTO 3 MOJIEKYJISIP-
HUX MEXaHi3MiB MONIKO/KEHHSI KJIITUH Y MaToreHe3i 1iel
MOJIeJTi XBOpOOU Ta NepeBaKaHHsI MEXaHi3MiB MOLLIKOIKEH-
HS HaJl MeXaHi3MaMU 3aXUCTY, TOCWIEHHS 3arajeHHs.

Y 1IbOMY KOHTEKCTi JOIILHO 3ayBaXKUTH, 110 OKPEMi
aBTOPM BBaxKaloThb, 1110 akTHUBi3alis mpoueciB [1OJI Bukiu-
Ka€ IeCTPYKIIiI0 KIITUHHUX MeMOpaH i 3aru0eib KIITHH T1a-
ponoHTa. Lle mpu3BoaAUTb 10 3HUXKEHHS MiCLEBUX 3aXUCHUX
MEXaHi3MiB Ta aKTWBi3aIlii MiKpoOpraHi3MiB, sIKi HasBHi B
MapoJOHTAJIbHIl KUIIIEH], 10 aKTUBi3allii 3anajieHHs [28].

Mu 3’s1cyBaiu, 10 cTabiIbHEe 3pOCTaHHS METa0OoJIiTiB
Jlinonepokcuaaliii, siki mepeBaxaiad Ha 3-Tio 100y eKc-
MEePUMEHTY, Ta KOMIIEHCATOPHE MiJABUILIEHHS aKTUBHOCTI
COJl i KT y nepuiit ta npyriit ctazii ctpecy (TpUBOTH i pe-
3UCTEHTHOCTI) 3 HACTYITHUM iX 3HMKEHHSIM Ha 15-Ty 100y
(cTamist BUCHaXKE@HHST) BKa3y€ Ha PO3BUTOK OKCUAAHTHOTO
cTpecy Ta Moro nmaToreHHU BIJIMB HA TKAHWHU TTApOJIOH -

Ta6numys 3. Ymict npogykTie [10J]1 Ta akTusHicTb chepmeHTiB AOC y TKaHUHaX NnapoAoHTa
npu ET i IC go ta nicns 3actocyBaHHs1 TioLjeTamy

. TpuBanicTb, KinbkicTb K, MAOA, con, KT,

EuamecIe s [o6a TBapuvH HMonb/mn (r) | HMonb/mn (r) | y.o/mn (1) m.o/mn (r)
IHTakTHa rpyna TBapviH KoHTporsb 8 9,1+0,2 17,7 £ 0,7 91,2+2.2 37,9+1,2
16,3+ 0,4 249+14 117,6 +2,3 478 +14

3-TA poda 8 P < 0,05 P < 0,05 P % 0,05 P'<0,05

. . 16,9 +0,5 30,2+1,5 65,1 £ 2,1 242 +0,8

IC i EM po nikyBaHHs 5-ta go6a 8 P'<0,05 P'<0,05 P'<0,05 P'<0,05
17,8 £ 0,6 30,9+1,5 459 +1,7 176 £ 0,7

15-Ta no6a 8 P'<0,05 P < 0,05 P < 0,05 P'<0,05

; ; ; 11,4+04 19,9+1,2 81,4+23 31,56+1,3

IC1ET niona nikyeark | 45.1a posa 8 P'<0,05 P < 0,05 P'<0,05 P'<0,05
H P, < 0,05 P, < 0,05 P, < 0,05 P, < 0,005

Mpumitkn: P — BiporigHicTe pisHuyi nokasHukis npu noegHaHHi EMN i IC 3 pe3ynetatamu y KOHTPOJIbHIN rpyri;
P, — BiporigHicTe pi3Huyi noka3sHukis npu noegHaxHi El i IC go ta nicns nikyBaHHs Tioyetamom Ha 15-Ty no6y

eKCrepuMeHTy.
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Ta. TpuBanuii i inTeHcuBHUM BriuB 1C mopyirye aganTa-
LiHI MOXJIMBOCTI OpraHi3My, 110, O4€BUIHO, CIPUYNHSIE
MOMITHE 3HUXKEHHS (DYHKIIIOHAIbHUX PE3€PBiB, MOXIIUBY
aTrpodiro KOPKOBOI peYOBMHU HAJTHUPKOBUX 3aJ103, PO3IIa]
OUJIKOBUX PEUOBMH, 110 MPU3BOAUTH 10 MEPEXoay CTail
pe3ucTeHTHOCTI (5-Ta 106a) B cTamio BUCHaxeHHs (15-Ta
no6a) [29].

Bimomo, mo po3sutok IC cynmpoBOIKYETHCS aKTUBI-
zauiero [1OJI, npolieciB MpoTeotidzy Ta 3HKEHHSIM aHTH -
OKMCHIOBJIBHOTO MOTEHIlialy, MPUTHIYEHHSIM 3aXUCHUX
MeXaHi3MiB OpraHi3My Ta pO3BUTKOM BTOPMHHOIO iMyHO-
nediluTy i 3anajapHux npoiecis [30].

Mu BusiBuIM, 1110 B yMoBax ¢opmyBaHHs EIl, acotti-
ioBaHoro 3 IC, BinOyBanocs MOCTynoBe HaKOIMUYCHHS
nponaykTiB [10JI Ta 3HMKEHHST aKTUBHOCTI (PePMEHTIB aH-
TUOKCHUIIAHTHOTO 3aXMCTY, SIKi IepeBaxkaau Ha 15-Ty mo0y
€KCIEPUMEHTY IPOTH KOHTPOJIIO i 3aCBiAUyBaJi HAsSIBHICTh
OJIHOTO 3 MOJIEKYJISIpHUX (JTiMiAHMX) MeXaHi3MiB MOILIKO-
JKEHHS KJITUH, 1110 cTocyBaucs npoiecis [10JI i AOC.

3acTocyBaHHSI 3 JIiIKyBaJIbHOIO METOIO TiolleTaMy CIIpU-
YMHSIO aHTMOKCUIAHTHY Aito Ha mipouiecu [1OJI i AOC, a
came 3HKeHHs BMicTy 1K i M/IA Ta minBUIIeHHS aKTUB-
Hocti CO/I Ta KT y TKaHMHaX ITapo0HTa 32 YMOB PO3BUTKY
EIT i IC. ®apmakosoriuuuii epekT LbOro mnpemnapary 3y-
MOBJIEHU I B3a€MOIMOTEHLIIOI0YOIO Ji€10 TIa30THOT KUCIOTU
Ta TipaleTramy, a came rajlbMyBaHHSIM LUJISIXiB YTBOPEHHS
aKTUBHUX (DOPM KUCHIO, peaKTUBAIIi€EI0 aHTUOKCUJAHTHOT
cucrtemu, ocobauBo COJI i KT, npurHiyeHHsIM BiJIbHO-
pallKaJIbHUX TPOLIECIB Y TKAHUHAX MapOJIOHTa, a OTXe,
cTabiizallieo Ta 3MEHIIEHHSIM 30HU HEKPO3y, illleMil Ta
3anayieHHs [26]. BizoMo, 1110 3acTOCOBaHMii Mpernapar Tio-
11eTaM MiCTUTb JIBa KOMITOHEHTH: MipaleTam i TioTpruasoJiH.
Tlepunii KOMOOHEHT LIBOTO JIiIKAPCHKOTo 3acoly mipalie-
TaM CTUMYJTIOE€ aKTUBHICTh (DepMEHTIB aHTMOKCUIAHTHO-
ro 3axXucCTy, CTadii3y€e KIITUHHI MEMOpPaHU, CTUMYJIIOE
aJIBTePHATUBHI IIUISIXW MeTa00J1i3My IIPU TilOKCii, CIIpUSIE
MOJIMIIEHHIO MiKPOLUPKYJsLii. [Apyruii KOMIOHEHT Ti-
OTpMA30JIiH MPOSIBJISE MPOTU3AIIaIbHI, IIPOTUHAOPSIKOBI,
AHTUTITTIOKCUYHI, IMYHOMO/IYJIIOIOUi, JI€3iHTOKCUKAIliifHi,
AHTUOKCHUJIAHTHI BJIAaCTUBOCTI I TOINPY aKTUBaLlil0 (pepMeH-
TaTUBHOI JIAHKA Ma€ CaMOCTiiHY 30aTHICTh OyTH aKIIEIITO-
POM BiJIbHMX paauKalliB, 3MEHIIYE YTBOPEHHSI aKTUBHUX
(GopM KHCHIO B MITOXOHIIPIsIX, CIIPUSIE pelapaTUBHIll pere-
Hepatlii nedinku [31].

OTt:Xe, TpoBeAeHI HAMU KOMIUIEKCHI TOCTiI>)KeHHS Map-
kepiB [1OJI i akruBHOCTI hepmeHTiB AOC BusiBuiIM (hopmy-
BaHHS OKCUIAHTHOIO CTPECY, SKU MOCUJIIOE 3anaibHUI
Mpoliec Y TKAaHWHAX MapoJ0HTa. 3aCTOCYBaHHS TiolleTaMy
3aCBiTUMJI0 aHTUOKCUIAHTHUI BITJIMB Ha MOPYIIEHI Mpolie-
cu IT1OJI i AOC 3a ymoB po3Butky EIl i IC.

BucHoOBKMU

1. ExcriepuMeHTalIbHUI MAapOAOHTUT Ha YCiX eTarax
po3BUTKY (3-Ts1, 5-Ta, 15-Ta 106a) CynpoBOIXKYETHCS Hall-
MipHuM 3pocTaHHaM BmicTy JIK i M/IA B TKaHMHAaX ITapo-
JIOHTa MepeBaXkHO Ha CTallil po3maay XBOpoOU 3 KOMITEH-
caropaum niguieHHsIM akTuBHOCTI COJl i KT Ha 3-110 i
5-Ty 100y eKCriepuMeHTY, a aaji (15-Ta goba) 3 iX MOMITHUM
3HUKEHHSIM IPOTU KOHTPOJTIO Ta PO3BUTKOM OKCUJAHTHOTO
CTpecYy, SIKWii BUSIBJISIB TATOTEHHU A BILIUB.

2. Ha ycix eranmax (3-14, 5-Ta, 15-Ta mo6a) manidecTaiii
IC BinOyBanocst ctabiibHe 3poCTaHHsI MPOAYKTIB Jiilore-
pOKcHuaalii 3 ToMiHyBaHHSIM Ha 3-Tio 10OY, 110 BiAMOBiIaao
repiiiit cranii (TpuBOTH) cTpecy. AKTUBHICTb (hepMEHTIB
(CO[, i KT) 3pocTana Ha cTamii TpMBOIH i pe3UCTEHTHOCTL
MPOTH KOHTPOJTIO Ta OyJ1a CyTTEBO 3HMXKEHOIO Y CTalil BUCHA-
JKEHHS1, IO CBIIYMJIO TIPO HASIBHICTh OKCUJAHTHOT'O CTPECY.

3. [loemnanmii EI1 3 IC BUKIMKAB IMOCITiZOBHE 3pOCTaH-
Hsl TIPOLIECIB JIIMOIepOKCcHaallil 3 KOMIEHCATOPHUM ITiJI-
BUIIEHHSIM aKTUBHOCTI (D€PMEHTIB aHTUOKCUIAHTHOI'O
3aXMCTy Ha 3-Tio 100y i HacTymHuM (5-Ta, 15-Ta mo6a) ix
CYTTEBUM 3HUXEHHSIM, 10 CBIAYMUIIO PO PO3BUTOK OKCU-
JIAHTHOTO CTpecy IIBU/ILIIE, HiXX 32 YMOB i3071bOBAHOTO T1€-
peoiry 1iei Moaesi XBopoou i cTpecy, MPOTU iHTaKTHOI Ipy-
MY TBAPUH Ta MPO HOT0 MAaTOTEHHWIA BIIMB Ha 3aMaIbHUI
rpolec y TKaHMHAX MapoIoHTa.

4. 3acTocyBaHHS TiolleTaMy 3yMOBJIIOBAJI0 aHTUOKCH-
NIAHTHUI BIUIMB Ha TIOPYIIEHI MOKa3HUKU JIIMOTIEPOKCH -
nanii i AOC: 3umxyBaBcs BmicT K, MA Ta 3pocrana
aktuBHicTb COMl i KT nHa 15-1y no6y EIl i IC momo rpynm
TBapUH 3 Li€I0 MOJIEJUTIO XBOPOOU i cTpecy 0e3 BILIMBY JIi-
KapCchKOTO CepeHUKa, 110 MiATBEPAXKYBAIO NOLIJIbHICTh
OTO MOAAIBIIIOTO BUBYEHHS B €KCITEPUMEHTI Ta B KJTiHilli.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOT MPO BifICYTHICTb
KOHQJIIKTY iHTepeciB Ta BJlacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBII JAHOI CTATTI.

Buecok aBrtopiB. Perena M.C., Perena-®ypnuu-
KO M.M. — cTBOpeHHsI KOHIIEIIIIil, peaaryBaHHs Ta 3aTBep-
IKEHHST ocTaTouHOoro BapianTa; Onekuiii [1.B. — pesyinbra-
TU AOCTimKeHHs, HanucaHHs; Perena C.M. — penaryBaHHs
Ta 3aTBEPKEHHSI OCTATOYHOTO BapiaHTa.
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Prevention of immobilization stress-induced lipid peroxidation processes
and antioxidant protection disorders in the development
of experimental periodontitis

Abstract. Background. Periodontitis is one of the most common
dental diseases. It is generally accepted that concomitant diseases
and syndromes significantly change physiological processes in the
body, reduce its adaptive capabilities and treatment effectiveness,
and can initiate or activate the pathological process in the perio-
dontium. Psychosomatic disorders and stress are no less common.
The excessive and prolonged action of stress factors can contribute
to developing diseases. Currently, questions concerning the patho-
physiological characteristics of changes in the processes of lipid
peroxidation and antioxidant protection in the pathogenesis of peri-
odontitis associated with stress remain unexplored. The purpose was
to investigate the pathophysiological features of lipid peroxidation
and antioxidant protection disorders in periodontal tissues with ex-
perimental periodontitis (EP) associated with immobilization stress
(IS) and to evaluate the possibility of their pharmacological correc-
tion using thiocetam. Materials and methods. Biochemical studies
were conducted on 88 male guinea pigs (males) with a body weight
of 0.18—0.21 kg, who were fed a standard diet and were divided into
five groups. The first group comprised intact animals (controls); the
second group included animals with EP and was divided into three
subgroups on the 3, 5", and 15" days, respectively; the third group
consisted of animals with IS in three subgroups; the fourth group
comprised animals with combined EP and IS in three subgroups

before treatment; and the fifth group included animals with EP and
IS after the therapy with thiocetam, which was administered intra-
muscularly at a dose of 250 mg/kg once a day between the 6" and 15"
days. Results. EP associated with IS at all stages of its development
(3, 5™, 15" days) is accompanied by a gradual increase in the level
of diene conjugates, malondialdehyde, a compensatory increase
in superoxide dismutase and catalase activity on the 3™ day of the
experiment, and subsequently by their significant decline on the 5"
and 15™ days, which indicated the development of oxidative stress.
Thiocetam decreased lipid peroxidation products and increased the
activity of these enzymes in periodontal tissues, which showed its
antioxidant effect in EP and IS. Conclusions. The association be-
tween EP and IS resulted in the enhancement of lipid peroxidation
processes against the backdrop of a decreased antioxidant protection
in periodontal tissues, particularly on the 5" and 15" days of the ex-
periment, compared to the control group, indicating the presence of
oxidative stress. The administration of thiocetam had the antioxidant
effect (a reduction in the concentration of diene conjugates, malon-
dialdehyde, an increase in superoxide dismutase, and catalase activity
in periodontal tissues) under the conditions of EP associated with IS
compared to a group of animals without any treatment.

Keywords: immobilization stress; lipid peroxidation; antioxidant
system; experimental periodontitis
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CKOPOYEHA IHCTPYKLISA
ANS MeAUYHOro 3aCTOCYBaHHS NikapCbKUX 3aco6iB

L-TUPOKCHH 50 BEPJ1IH-XEMI/L-TUPOKCWH 100 BEPJIIH-XEMI
(L-THYROXIN 50 BERLIN-CHEMIE/L-THYROXIN 100 BERLIN-CHEMIE),

L-TUPOKCUH 75 BEPJ1IH-XEMI (L-THYROXIN 75 BERLIN-CHEMIE),
L-TUPOKCUH 125 BEPJIIH-XEMI (L-THYROXIN 125 BERLIN-CHEMIE),

L-TUPOKCUH 150 BEPJ1IH-XEMI (L-THYROXIN 150 BERLIN-CHEMIE).

Cknapg:

Ailoya peyosuHa: levothyroxine sodium; 1 Tabnetka MiCTUTL NEBOTUPOKCUHY HaTpilo 50 mkr a6o 100 mkr; 1
Tabnetka 75 MKIr MiCTUTb IEBOTUPOKCHHY HaTpilo 75 Mkr; 1 Tabnetka 125 MK MICTUTL NEBOTUPOKCUHY HATPIlO
125 mkr; 1 Tabnetka 150 MKI MICTUTbL IEBOTUPOKCUHY HaTpito 150 MKr; AOMOMIKHI PEHOBUHM: KasbLiio Figpo-
docdar gurigpaTt, uenonosa MKpoKpucTanidHa, AEKCTPUH, HaTPilo KPOXManbrikonar (tvn A), raiuepuav
A0BroNaHLorosi napLianbHi.

Jlikapcbka popma. TabneTku.
dapmakorepanesTuyHa rpyna. TupeoiaHi ropmonu. Kog ATX HO3A AO1.
MokasaHHs.

L-TUPOKCUH 50 BEPJIIH-XEMI, L-TUPOKCWH 75 BEPJIIH-XEMI, L-TUPOKCWH 100 BEPJIIH-XEMI,
L-TUPOKCWH 125 BEPJIIH-XEMI, L-TUPOKCWH 150 BEPJIIH-XEMI: pno6posikichuii 306 3 eyTMpeoigHumM cra-
HOM YHKUIT LWMTOBUAHOT 3a51031; npodinakTvka peuvamsy 306a nicns pesekuji 306a 3 eyTMpeoiaHMM CTaHOM
DYHKUIT LLUTOBMAHOT 3a5103; 3amiCHa Tepanisi Npw FinoT1peo3i Pi3HOi eTioNOorii; AOMOMiXHWIA 3aci6 Ans TMpeo-
cTaTUYHOI Tepanii rinepTMpeosy nicns AOCATHEHHS eYTUPEeOoiAHOro (YHKLOHaNbHOrO CTaHy; CyrnpecuBHa Ta
3amicHa Tepanis paky LWMTOBUAHOI 3251031, FOJIOBHUM YMHOM Micns TupeoinekTomii. Ans L-TUPOKCWH 100/150
BEPJIIH-XEMI: sik fiarHOCTU4HUIA 3aci6 Npy NPoBeAEHH TECTY TMPEOiAHOT Cynpecii.

lMpoTunokasaHHs.

MNigBuLLEeHa YyTAMBICTL A0 Aito4oi pevoBmHU abo Ao Byab-aKoi 3 AONOMIKHUX PeYoBUH. HenikoBaHuii rineptu-
peo3 Bbyab-SKOro NOXOMXeHHs. HenikoBaHa HeAOCTaTHICTb KOPY HAAHUPKOBUX 3an03. HenikoBaHa rinodisapHa
HEOOCTaTHICTb (Lie NPU3BOAUTL A0 HEAOCTATHOCTI KOPU HAAHUPKOBUX 3as103, LLO NoTPebye NikyBaHHs). FocTpuin
iHdapkT miokapaa. Foctpuit MiokapauT. FocTpuii nankapaut. Min Yac BariTHOCTI OAHOYACHE 3aCTOCYBaHHS
NEeBOTUPOKCUHY i ByAb-KOro TMPeoCcTaTU4HOro 3acoby npotunokasaxe (6inbll AeTanbHa iHdopmMaLis Woao
3acToCyBaHHs y nepioA, BariTHOCTI abo rofayBaHHs rpyAalo HaBeaeHa B po3aini «3acTocyBaHHA y nepiog Barit-
HOCTi 260 roayBaHHs rpyanio»).

Mo6i4Hi peakuii.

AKIIO 03y NaUiEHT He MepeHocuTb, Wo GyBae ayxe piako, abo y BUMaaKy nepeaosysaHHs, 0COGMBO Mpu
3aHaATO LWBMAKOMY MIABMLLEHHI 403U HA MOYaTKy NiKyBaHHs, MOXIMBE BUHUKHEHHSI TUMOBMX CUMMTOMIB

rinepTvupeosy. Mpu rinepyyTaMBOCTI [0 NEBOTUPOKCUHY abo A0 Gyab-sKoi 3 AOMOMIKHUX PEYOBUH Npenapary
MOXNMBI anepriyHi peakuji 3 60Ky LKIPHUX MOKPUBIB (HANPUKNaL, LWKIPHUA BUCU, KPOMWUB'AHKA) | AUXanbHUX

IHdopmaLis Npo peLenTypHi Nikapcbki 3acibn Ans crneuianictis 0XOPOHU 3[40POB’A, MEANYHUX | hapMaLEBTUYHNX NPaLLBHUKIB.

MpeactaBunuTeo «<BEPJIIH-XEMI / A. MEHAPIHI YKPATHA FrM6X»
Anpeca: M. Kuig, Byn. BepesHsikiBcbka, 29, Ten.: +38 (044) 494-33-88.
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WwNsxiB. € okpeMi MoBiAOMAEHHS PO PO3BUTOK aHAINAKTUYHOTO LWOKY. Y LIbOMY BUMAKy 3aCTOCYBaHHS Mpe-
napary Tpeba BigMiHUTY. MOBHUI NEpenik MOXMBUX NOBIMHUX peakLji 3a3HaqeHui B IHCTPYKLT 415t MeANYHOro
3acTocyBaHHs likapcbkux 3acobis L-TUPOKCUH 50/75/100/125/150 BEPJIIH-XEMI.

Kareropis Biagnycky. 3a peuenTtom.

Bupo6Huk. BEPJIIH-XEMI AT.
i Ta iioro
[niHikep Ber 125, 12489 BepniH, HimeyunHa.

micus

O60B’A3KOBO YBaXHO 03HANOMTECS 3 MOBHOIO IHCTPYKLIEIO ANS MEANYHOIO 3aCTOCYBaHHS Nikapcbkux 3acobis
L-TUPOKCWH 50 BEPJIIH-XEMI/L-TUPOKCUH 100 BEPJIIH-XEMI, P N2 UA/8133/01/01 i N2 UA/8133/01/02
Bif 12.10.2020 p., N2 2313, L-TUPOKCUH 75 BEPJIIH-XEMI, PI N2 UA/8133/01/03, L-TUPOKCWH 125 BEPJIIH-
XEMI, PMN Ne¢ UA/8133/01/04, L-TUPOKCWH 150 BEPJIIH-XEMI, PM N2 UA/8133/01/05 Bin 12.10.2020 p.,
N2 2313, a came 3 MOBHUM NEPENiKOM NPOTUNOoKadaHb, NOBIYHMX peakLii Ta 0CoBAMBOCTEN 3aCTOCYBAHHS.

. IHCTPyKUis AN MeauyHOro 3acToCyBaHHs Nikapcbkux 3acobis L-TUPOKCWUH 50/100 BEPJIIH-XEMI Big
12.10.2020 p. No. 2313, P N2 UA/8133/01/02 Ta N2 8133/01/01.

. IHCTPYKUis  ANS  MEAUYHOrO 3acTOCyBaHHS JIiKapcbKoro 3aco-
6y L-TUPOKCUH 75 BEPJIIH-XEMI Big 12.10.2020 p. No. 2313,
P Ne UA/8133/01/03.

. IHCTPYKUis  ANS MEAMYHOTO 3acTOCYBaHHSi JNiKapCbKoro
6y L-TUPOKCWH 125 BEPJIIH-XEMI Bip, 12.10.2020 p. No.
P N2 UA/8133/01/04.

. IHCTPYKUiS  ANS  MEAUYHOTO 3acTOCYBaHHSI JikapCbKoro
6y L-TUPOKCWUH 150 BEPJIIH-XEMI Big 12.10.2020 p. No.
P N2 UA/8133/01/05.

. Patel H, Stalcup A, Dansereau R, Sakr A. The effect of excipients on the
stability of levothyroxine sodium pentahydrate tablets.

Int J Pharm. 2003 Oct 2;264(1-2):35-43. doi: 10.1016/s0378-
5173(03)00387- 9. PMID:12972334.
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